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OAK REGENERATION USING THE TWO-AGE SYSTEM

Jeffrey W. Stringer’

Abstract-The two studies presented in this paper were completed in southeastern
Kentucky and were designed to evaluate acorn production and development of advanced
white oak reproduction from fully released white oak (Quercus  &a)  trees typical of
reserve trees in the two age system. Twelve 2 acre 60-  to 90-year-old  white oak dominated
stands were randomly assigned 1 of 3 treatments including an uncut treatment, and two cut
treatments of 20 fully released canopy trees per acre, and 34 trees per acre. Acorn
production from 11 to 15 years and regeneration accumulation, canopy cover and light
regimes were monitored 15 years after treatment. Released trees produced significantly (p
< 0.01) more acorns (1,424 grams per tree per year) compared to unreleased trees (689
grams per tree per year). Highly significant differences (p c 0.001) were found among
treatments for cumulative white oak advanced regeneration density, height and densitometer
readings. Strong relationships between densitometer readings and: PPFD; regeneration
density; and regeneration height were found (IY=ranging  0.743 to 0.974). The results of this
study indicate that reserve white oak trees can provide for the recruitment of advanced oak
regeneration and maintenance of light levels using easily applied crown densitometer
readings can enhance the development of advanced regeneration required for the long-term
maintenance of this species after future regenerative treatments.

INTRODUCTION
By definition the two age system maintains two distinct age
classes throughout the majority of the rotation and is
initiated by treatments which retain a limited number of
canopy trees (reserve trees) along with a cohort of younger
regenerating stems (Nyland 1996). Typically the two age
stand is produced using a deferment cut where a limited
number of reserve trees, occupying IO-30 ft* of basal area
per acre, are selected from the overstory and retained for a
second ro ta t ion  wh i le  the  remain ing  s tems are  removed
(Stringer 1998). The number and distribution of the reserve
trees must be such that as they produce little short- or long-
term effect on regeneration and the development of the
younger age class (Miller and Schuler 1995). Often times
the stand, with the exception of the reserve trees, is subject
to site preparation operations similar to clear cutting. This
results in two distinct age classes, the older reserve trees
and the younger regenerating cohort. While this system
has been often termed sheltenvood  with reserves or
i r regu la r  she l te rwood the  te rm she l te rwood is  mis lead ing
because the reserve trees are not intended to provide any
sheltering effect to the regeneration.

This method has been used as an aesthetic alternative to
clearcutting and as a means of potentially developing a
l im i ted  number  o f  la rge  d iameter  h igh  va lue  sawt imber
trees in a stand (Sims 1992; Smith and others 1989). The
sys tem a lso  has  s t ruc tu ra l  and  hab i ta t  advan tages  com-
pared to clear cutting (Beck 1986; Miller and others 1995).
Regardless of the objective, reserve trees in deferment

cuts must be of proper vigor, landscape position, species,
age, and potential tree grade so that they will survive and
provide a viable product after two rotations. Not all stands
and species can be managed using the two age system.
Species which are relatively long lived and are commer-
cially important make good candidates for reserve trees.

Besides the aesthetic and habitat values that two-aged
stands have compared to clear cut stands they can be
used to “life boat” species which do not have viable
reproductive life forms at the time of cutting. A traditional
clearcut  essentially stops sexual reproduction in the stand
for a substantial portion of the rotation and can limit the
potential for the development of viable advanced regenera-
tion. The reserve trees in the two age system provides for
the potential for continued sexual reproduction in the stand
and the ability to develop advanced regeneration which can
be manipulated prior to the second regeneration cut. The
main tenance o f  sexua l  reproduc t ion  th roughout  a  ro ta t ion
or a significant portion of it may be important for sporadic
p roducers  such  as  oak  spec ies .  Th is  paper  p resen ts  the
results of two studies conducted on the same study area.
The first study was designed to determine acorn production
from fully released small sawtimber white oak (Ouercus
a/&)  trees. The second study was designed to determine
whether  s tands  conta in ing  on ly  a  l im i ted  number  o f
released white oak canopy trees could initiate the develop-
ment  o f  advanced regenera t ion .
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METHODS
This  paper  repor ts  bo th  the  acorn  produc t ion  be tween 12
and 15 years of fully released white oak trees and the 15
year  cumula t i ve  deve lopment  o f  new seed l ings  and
advanced regenera t ion  in  s tands re ta in ing  a  l im i ted
number per acre of fully released canopy white oaks. The
study site was located at Robinson Forest, the University of
Ken tucky  research  and  demons t ra t ion  fo res t  loca ted  in
Cumber iand P la teau Phys iograph ic  Prov ince  in  southeas t -
ern Kentucky. While this study was initiated as a growth and
yield study for crop tree management of small sawtimber
white oak stands (Stringer and others 1988) the full crown
touching release and the relative numbers of crop trees in
these  s tands  (w i th in  the  range  recommended fo r  two  age
reserve trees) provided an excellent opportunity for the
de te rmina t ion  o f  some o f  the  regenera t ion  dynamics
assoc ia ted  w i th  s tands  managed  under  a  two  age  sys tem.
In 1983 twelve 2 acre 60-  to go-year-old  white oak domi-
nated stands were selected for study. In 1983 each stand
was randomly  ass igned one o f  3  t rea tments  inc lud ing  an
uncut treatment, a treatment leaving only 20 canopy trees
per acre, and one leaving only 35 canopy trees per acre.
The  t rea tments  were  imposed  by  fu l l  c rown touch ing
release of selected canopy trees. These trees were of
average dbh fo r  co-dominant  and  dominant  t rees  in  these
stands. One-half acre growth and yield plots were estab-
lished in the middle of each treated stand. Trees z 2.54 cm
dbh were  tagged and surv iva l  and growth  moni to red and
ten l/lOOth  acre regeneration plots were also randomly
established in each growth and yield plot. In 1994, three
reserve  canopy  t rees  were  randomly  se lec ted  in  each
growth and yield plot and 3 one meter square acorn traps
(Dav id  and o thers  1998)  were  randomly  p laced under  the
crown of each tree. Acorns were collected from traps at two
week intervals during the fall of 1994 through 1997. Total
acorn  mass was determined fo r  each t ree  and poo led  by
treatment for analysis.

F ina l  wh i te  oak  regenera t ion  measurements  were  taken
dur ing Ju ly  1997 and inc luded the number  and he ight  o f
each white oak stem established after treatment. To
provide a relative gauge of canopy light interception and the
light environment at each regeneration plot a concave
spherical crown densitometerTM  (Forestry Suppliers, Inc. 24
quarter inch cross hairs) reading was taken at plot center.
Data was recorded and is expressed in this paper as the

Table l-Density and height of Quercus  a/&a advanced
regeneration in two age stands”

dens i t y height dens i to -
mete r

(no./ha) (cm) reading

uncut 2 2 7 b 19.8b 5.72~

20 per acre 9 3 0 a 35.0a 7.16a

35 per acre 4 5 0 b 29.9a 6.47b

a Values with different letters are significantly different (p <  0.01)
using ANOVA  and LSD(t).
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Figure l-Data points represent average PPFD for each densitom-
eter reading. The line represents a positive linear relationship (y =
0.016 + 0.00724(x),  R*=0.733)  between densitometer reading and
P P F D .

number  o f  c ross -ha i rs  where  open  sky  was  observed .  A t
the same time a series of five photosynthetic photon flux
density (PPFD) measures (umol/meter*s  PAR) were taken
at a height above ground equal to the average height of the
advanced regeneration (30 centimeter) at every other plot
center using a quantum sensor (LI-COR, Inc.) and the
values averaged by plot. All PPFD and densitometer
readings were taken under clear sky conditions. White oak
advanced regenera t ion  data  were  poo led by  t rea tment  and
subjected to statistical analysis using ANOVA and LSD(t) to
determine treatment effects. Simple linear regression was
used to  es tab l i sh  the  re la t ionsh ip  be tween PPFD (depen-
dent  var iab le)  and dens i tometer  read ing ( independent
var iab le)  and advanced regenerat ion he ight  (dependent
var iab le)  and dens i tometer  read ing ( independent  var iab le)
pooled over all treatments. The Levenberg-Marquardt
algorithm was used to establish best-fit coefficients of
non l inear  func t ions  fo r  regenera t ion  dens i ty  (dependent )
and dens i tometer  read ing ( independent )  poo led over  a l l
t r ea tmen ts .

RESULTS AND DISCUSSION
There was no significant difference (p > 0.05) among
annual acorn yields of the 20 and 35 tree per acre treat-
ments and data were pooled for comparison with the uncut
treatment. Analysis of released treatments vs. uncut
(unre leased)  t rea tment  showed a  h igh ly  s ign i f i can t
difference (p = 0.008) in acorn yield (as expressed on a per
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Figure 2-Data points represent average Quercus  alba  advanced
regeneration stem density for each densitometer reading. The line
represents an exponential relationship between densitometer
reading and regeneration density (y = 43.615 + 22.373*exp(-ti-
2.489),  W=0.974).

t ree  bas is ) .  Re leased t rees  annua l ly  averaged 1 ,424
grams of acorns per tree compared to 689 grams per tree
for unreleased trees. This indicates that fully released
trees, typical of those that would be retained as reserve
trees in deferment cuts in white oak dominated stands,
have the capability of not only maintaining but improving
acorn yield, a prerequisite for the development of advanced
regenera t ion  in  two aged s tands .

Highly significant differences (p c 0.001) were found
among t rea tments  fo r  wh i te  oak  advanced regenera t ion
dens i ty ,  advanced regenera t ion  he igh t ,  and  dens i tometer
readings (table 1). The 20 reserve tree per acre treatment
deve loped tw ice  the  number  o f  regenera t ing  wh i te  oak
trees as the other treatments over the 15 year measure-
ment period. The height of the white oak regeneration
established after the treatment was greater for both cut
treatments compared to the uncut treatment. The average
height of the regeneration is relatively small at this point in
time and would not be expected to be competitive if the
s tands  were  regenera ted  w i th  the  advanced regenera t ion
in this condition. It is probable that some form of manipula-
tion will be necessary to develop high vigor advanced
regeneration prior to a future regeneration harvest. How-
ever, the advanced regeneration that developed after
treatment indicates that the reserve trees are providing
v iab le  propagules  which are  deve lop ing advanced regen-
era t ion  for  fu ture  manipu la t ion  and s tand regenerat ion .

Figure 3-Data points represent average Quercus alba advanced
regeneration height for each densitometer reading. The line
represents a linear relationship between densitometer reading and
regeneration height (y=O.549+0.0705(x),  R2=0.743).

Dens i tometer  read ings  were  a lso  h igher  fo r  the  cu t  s tands
compared to the uncut stands. A positive linear relationship
(y = 0.016 + O.O0724(densitometer  reading), RZ = 0.733)
was found be tween dens i tometer  read ing  and PPFD
ind ica t ing  a  re la t ionsh ip  between measurab le  canopy
density and light levels at advanced regeneration height
(figure 1). A positive relationship was also found between
densi tometer  read ing and advanced regenerat ion he ight
( f igure  2)  and dens i tometer  read ing and advanced regen-
eration density (figure 3). An exponential relationship was
found between dens i tometer  read ing and regenerat ion
density (y = 43.615 + 22373*exp(-densitometer  reading/-
2.489), R2  = 0.974) while a linear relationship existed
between dens i tomete r  read ing  and  regenera t ion  he igh t  (y  =
0.549+0.0705(densitometer  reading), R*  = 0.743).

The results of this study indicate that small sawtimber
sized co-dominant reserve white oak trees are capable of
main ta ing  acorn  product ion  and resu l t ing  in  the  product ion
of advanced regeneration that will potentially aid in the
long- te rm ma in tenance  o f  th is  spec ies  a f te r  fu tu re  regen-
erative treatments. A positive correlation between canopy
density and regeneration height along with the positive
correlation between canopy density and light level indicates
tha t  l i gh t  leve ls  deve loped f rom the  t rea tments  encouraged
regenera t ion  deve lopment .  Th is  da ta  ind ica tes  d ramat ic
increases  in  advanced regenera t ion  dens i ty  can be
obta ined  when the  combined  unders to ry ,  m ids to ry ,  and
overstory exhibit a densitometer reading greater than 6.
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OAK REGENERATION: FOUR YEARS AFTER THREE
HARVESTING TREATMENTS IN A NORTH ALABAMA

UPLAND HARDWOOD STAND

David Shostak, Michael S. Golden, and Mark R. Duboisl

Abstract-Fourth year regeneration of upland oaks (Quercus spp.) was compared within
three harvesting treatments in the mountains of northern Alabama. Six four-acre experimen-
tal blocks were established on north facing slopes. Each of the three harvesting treatments
(deferment cutting, strip clearcutting, and block clearcutting) was randomly assigned to two
treatment blocks. Major oaks present were white oak (0.  a/b&  northern red oak (Q.
rubra), and chestnut oak (Q.  p&us).  Densities and stocking levels of non-sprout origin non-
overtopped oak reproduction were related to treatment, topographic position, and pre-
harvest competition cover. The overall contribution of the non-sprout oak regeneration was
low. Post harvest germination and advance reproduction contributed equally to the success-
ful fourth year reproduction.

INTRODUCTION
Oak-Hickory forests cover approximately 35 percent (7.7
million acres) of Alabama’s timberland with 65 percent of the
Oak-Hickory forests found in north Alabama (McWilliams
1992). Upland hardwood stands have been long viewed as
valuable. Some of their values can easily be associated with
economics, such as the sale of timber or the lease of hunting
rights. Unfortunately placing an economic value on aesthet-
ics or wildlife benefits can be difficult. Regardless of the
rationale, upland hardwood stands are important and warrant
the attention of individuals interested in maintaining and
managing these diverse values.

“Oak regeneration is a problem and the problem is wide-
spread. Many of the problems can be solved by utilizing
information that is already available, but there is a cost
involved, which will have to be addressed by forest manag-
ers and forest landowners. Other problems with oak regen-
eration will require a major research commitment” (Smith
1993a).

In 1996, a permanent study was established in the moun-
tains of northern Alabama to assess the stocking and growth
of oak regeneration following three harvesting treatments:
block clearcutting, strip clearcutting and deferment cutting.
This paper reports on data taken after the fourth full growing
season (Fall 2000). This approximates the end of the stand
initiation stage, at which point an inference can be made as
to the composition of the mature stand.

OBJECTIVES
Two main objectives have been developed for this study: 1)
to determine which potential factors had an effect on fourth
year post-harvest stand composition: and 2) to investigate
which of the studied silvicultural treatments (block

clearcutting, strip clearcutting, and deferment cutting)
provided for the desired and adequate oak regeneration
component. The overall goal of this ongoing study is to
identify the influences upon oak regeneration at various
times after harvest.

METHODS

Study Site
The site is located in the Sandstone Mountain Forest Habitat
Region of northern Alabama on the southern Cumberland
Plateau physiographic province (Hodgkins and others 1979).
Major ridges typically run east to west. This tract is currently
owned and managed by International Paper and is adjacent
to the William B. Bankhead  National Forest in Lawrence
County, AL. Slopes range from five to sixty percent.

The study is located in an upland mixed hardwood forest on
north facing slopes and ridge shoulders. Prior to harvest,
overstory (trees larger than 5 inches dbh) density was 313
stems per acre with a total basal area of 118.3 square feet
per acre (table 1). The stand was composed of a mixture of
oak species (Quercus spp.),  sugar maple (her  s&-m-urn),
black tupelo (Nyssa  sy/vatica),  American beech (Fagus
grandifola), and hickories (Carya  spp.).

Study Design
Six four-acre treatment blocks (400 by 440 feet) were
established on north facing slopes. Each of the three
harvesting treatments was randomly assigned to two of the
experimental blocks. The block clearcutting treatment
administered was a silvicultural clearcut; all stems greater
than 1.5 inches dbh were cut. The strip clearcutting treat-
ment harvested all stems greater than 1.5 inches dbh in
alternating one-acre cut and uncut strips approximately 120
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Table 1-Pre-harvest overstory composition, basal area, and advance reproduction
and composition of fourth year non-overtopped reproduction, oaks and other species

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Pre Harves t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Fourth year
Species . . . . . . . . . . . . . Overstory”  ,,,............,,...,.,....,...... Non-over topped

. . . . . . . . Advance reproductionb reproduct ion”
Ft*/acre S tems /ac re S tems /ac re S tems /ac re

L. tulipifera 9 . 7 7 2 8 8 2
A. saccharum 4.3 8 1 2 2 9 4 9 2
N o n - C o m m 1 . 1 4 6 0 8 4 6 0
Other -Comm 1 0 . 7 1 6 182 4 0 4
N. sylva  tica 4 . 4 9 281 3 6 3
A. rubrum 2 . 2 4 4 0 8 2 2 3
Fraxinus  sp. 1.8 4 5 0 1 5 3
Carya  sp. 2 9 . 0 3 6 1 7 7 131
Quercus  sp. 4 6 . 6 4 0 2 1 2 112
E grandifolia  8 . 5 1 0 1 9 6 5 2

Total 1 1 8 . 3 1 3 8 3 3 4 5 3 2 7 2

Q. alba 1 2 . 7 1 3 1 8 3 8
0. rubra 8 . 5 6 113 3 2
0. prinus 2 2 . 0 2 0 5 7 3 0
Other oaksd 3 . 4 1 2 4 1 2

Total 4 6 . 6 4 0 2 1 2 112

* Includes canopy trees greater than 5 inches dbh in the harvested areas only.
b AR greater than 1 foot tall and less than 1.5 inches dbh.
c  Represents the 498 plots in the harvested areas.
d  Mainly black (Q. velutina),  southern red (Q. fakata),  and scarlet oaks(Q.  coccinea).

feet wide and roughly oriented with the contours. The
deferment cuts were harvested in a similar fashion, except
that a basal area of approximately 25 square feet per acre
was left. The reserve trees were selected and marked based
upon the criteria that they were evenly spaced, good quality
co-dominant oaks (where possible), and more than likely to
survive throughout the rotation. Where oaks were not
present, other species meeting the criteria were marked and
used as reserve trees.

Pre-Harvest Measurements
In 1996, prior to harvest the six treatment blocks were
sampled by three 6.6-foot  wide permanent belt transects
equa l ly  spaced and runn ing  down s lope.  Each be l t  t ransec t
includes 67 milacre plots and makes up the center line of a
33-foot  wide segment running east to west. This grid
system runs the entire length of the block. Each odd
numbered  p lo t  a long  the  cen te r  l i ne  was  es tab l i shed  w i th
metal conduit pipe marking the top corners and the lower
boundaries were marked with pin flags. Each milacre plot
was d iv ided  in to  quadran ts  to  fac i l i ta te  the  re -measurement
and success ive  count ing  o f  reproduc t ion .  Oak  seed l ings
were  tagged and measured in  a l l  quadrants .  Counts  o f  a l l
non-oak tree reproduction, by species and size class, were
obtained in each measurement plot at each inventory. Size
classes were recorded as 1) less than 6 inches, 2) 6-12
inches, 3) 12-36 inches, 4) greater than 36 inches with a
diameter less than 1.5 inches, or 5) with a dbh greater than

1.5 inches. Vegetative competition cover and site
charac te r i s t i cs  were  a lso  ob ta ined .  Ocu la r  measurements
for woody vegetative competition were made to the nearest
5 percent increment and later combined into classes of O-
10, 11-30, 31-70, and 71-100 percent. Overstory data was
obtained for the entire one-half chain strip, which provided
a 25 percent sample of the treatment blocks. Greater detail
on  the  pre-harves t  measurements  can be  found in  Go lden
and o thers  (1999) .

Post-Harvest Measurements
Following the harvest in fall 1996, site and soil impacts were
assessed and recorded for each measurement plot. Another
detailed survey was conducted using the same procedures
as  the  p re -harves t  measurement .  F i f teen  months  (Fa l l
1997) after harvest the stand was again re-entered and the
plots re-located and re-measured, but these are not
reported in this paper.

Fourth Year Measurements
In fall 2000, a fourth year re-measurement was conducted.
Tagged oak  reproduct ion  was re-measured and new
reproduc t ion  recorded.  Non-oak  reproduc t ion  was invento-
ried by species and competitive position. Competitive
position was recorded as free to grow (FTG), crowded but
not overtopped (CR), or overtopped (0). These classes were
modified from Smith (1986).
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Data Analyses
The data analyses reported in this paper are per acre and
stocking comparisons within categories of treatment,
topography ,  and  p re-harves t  compet i t ion  cover .  The  va lues
are derived from the tagged reproduction of non-sprout origin
in non-overtopped competitive positions. Sprouts from stems
larger than 1.5 inches dbh are not included. Since all oak
seedlings were tagged and measured prior to harvest and at
each subsequent measurement, a determination of origin
could be made. Those seedlings present prior to harvest of
any size were classified as advance reproduction (AR) and
those seedlings germinating thereafter were classified as
post harvest germination (PHG). All plots in the deferment
cuts and block clearcuts were used. In the strip clearcuts,
only plots in the harvested areas were used. All plots in all
the treatments that were used totaled 498. Per acre values
for non-oak reproduction were obtained from the non-tagged
inventory.

All of the data analyses were accomplished using the
Statistical Analysis System (SAS) version 6.12. Simple
descriptive statistics were obtained using Proc  Means and
Proc  Freq (SAS Institute Inc 1990).

RESULTS

Pre-Harvest Overstory Composition
The initial stand had 138 stems per acre, 30 percent oak
(table 1). The basal area of canopy trees (5 inches and
larger dbh) was 118.3 square feet per acre, with oaks the
largest component at 39 percent. Of the oaks, chestnut oak
(Q. prinus)  was the most abundant with 50 percent of the
total and a basal area of 22 square feet per acre. White oak
(Q. alba)  and northern red oak (Q. rubra) also comprised a
significant portion of the pre-harvest stand. Remaining oaks
were grouped together and classified as other oaks. Most of

the oaks were 65-70  years old. From height and age
measurements ,  oak  s i te  i ndex  was  es t ima ted  as  70 -80
feet (base age 50) on the ridge and upper slopes and 85-
100 feet on the middle and lower slopes. Oak numbers
were the h ighest  on r idge shou lders  and dec l ined down
the s lope.

The pre-harvest subcanopy density (1.5 - 5 inches dbh)
totaled 176 stems per acre. The most abundant species
were sugar maple and American beech, which comprised 21
and 18 percent of the stems respectively. Most of the sugar
maple and American beech were found on the lower slopes
where they dominated the understory. The oaks averaged
only 5 stems per acre. These were mainly chestnut oaks
located on the ridge shoulders. The most abundant under.
story species was American hornbeam (Os0ya  virginiana), at
30 stems per acre (Golden and others 1999).

Advance reproduction
Large advance reproduction (AR), greater than 1 foot tall and
less than 1.5 inches dbh, totaled 3,345 stems per acre (table
1). The oak component was low, making up 6 percent (212
stems per acre) of the total large AR. Northern red oak (113
stems per acre) was the most abundant, followed by
chestnut oak (57 stems per acre) and white oak (18 stems
per acre). Of the non-oak species, sugar maple was the most
abundant with 1,229 stems per acre (37 percent), then non-
commercial species with 608 stems per acre (18 percent),
followed by red maple with 408 stems per acre (12 percent).
The least abundant species was yellow poplar (Liriodendron
tulipifera),  with 2 stems per acre.

Fourth Year Non-Overtopped Composition
Overall densities for all species after four years are shown in
table 1. Fourth year non-overtopped reproduction totaled
3,272 stems per acre, with the oaks comprising only 3
percent (112 stems per acre). White oak (38 stems per acre)

Table 2-Fourth year composition of non-overtopped oak reproduction in the harvested areas, within treat-
ment, topographic location, and competition class

Fac to r P lo ts Q. alba Q. rubra Qprinus Other  oaks A l l  oaks
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . S t e m s per acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Cut t i na  T rea tmen ts

Defe rment  cu t
Strip clearcut
Block clearcut

Topograph ic  Pos i t ion
Upper / ridge
Mid
Lower

Pre -Harves t  Compet i t i on  Cover
O-10 pet
1 I-30  pet
31-70 pet
71-100 pet

2 0 0 9 0 6 0 6 5 1 5
100 0 2 0 2 0 1 0
198 5 1 0 0 1 0

1 2 1 140 7 4 7 4 2 5 3 1 4
192 5 1 0 2 1 5 4 2
174 6 2 9 1 1 1 1 5 7

156 109 5 8 6 4 1 9 2 5 0
253 8 1 6 2 0 8 5 1

8 5 0 3 5 0 1 2 4 7
4 0 0 0 0 0

2 3 0
5 0
2 5



was the most abundant, followed by nor-them red oak (32
stems per acre) and chestnut oak (30 stems per acre). Of
the  non-oak  spec ies  the  mos t  abundant  was  ye l low pop la r ,
with 882 stems per acre (27 percent), then sugar maple
with 492 stems per acre (15 percent). No other tree
spec ies  was  less  abundant  than  the  oak  reproduc t ion ;
American beech had 52 stems per acre, which is higher
than any individual oak species count.

Among the harvesting treatments, the deferment cut had the
most abundant total oak reproduction, 230 stems per acre
(table 2). Of the three major oak species within the defer-
ment cuts, white oak had the highest density (90 stems per
acre) with no noticeable difference between northern red oak
and chestnut oak. Non-overtopped oaks were scarce in the
strip cuts and the block clearcuts (50 and 25 stems per acre
respectively), with no obvious differences among major
species. Among topographic classes, the upper slope and
ridge shoulder positions had the highest non-overtopped oak
densities (314 stems per acre). White oak was most
abundant (140 stems per acre) on these positions, with no
noticeable differences between chestnut and northern red
oak. One obvious difference in the lower slope positions was
the higher density of northern red oak (29 stems per acre).
For the classification by competing vegetative competition
cover, fourth year non-overtopped oak reproduction was
highest in the O-l 0 percent competition class (250 stems per
acre) and declined drastically with increased competition
cover. White oak had the highest density (109 stems per
acre) with no clear distinction between chestnut oak and
northern red oak. In the 31-70 percent cover class, northern
red oak had 35 stems per acre and white oak and chestnut
oak  were  non-ex is ten t .  No non-over topped oak  reproduc t ion
was established in the 71-100 percent cover class.

Fourth Year Non-Overtopped Stocking of Oaks
Stocking was defined on a plot-by-plot basis. Any plot that

contained at least one oak stem in a non-overtopped
compet i t i ve  pos i t i on  was  cons ide red  s tocked .  The  overa l l
stocking of oak reproduction was very low, only 9 percent
(table 3). This extremely low level of stocking is an indica-
tion of the challenges faced by foresters and forest manag-
ers who want to perpetuate oaks as a major component of
f u tu re  s tands .

Oak stocking was highest in the deferment cuts at 18
percent, and was only 5 and 3 percent in the strip and block
clearcutting treatments respectively. Oak stocking was very
low on all topographic positions, but highest on the ridge
shoulders and upper slopes (22 percent). The middle and
lower slope locations were stocked at only 4 and 6 percent
respectively. There was no noticeable difference among the
three major species within treatment and topographic
position. Fourth year non-overtopped oak stocking was low
at every pre-harvest competition level. The O-l 0 percent
class had the highest stocking (15 percent) and the 71-100
percent class was un-stocked. The 1 l-30 and 31-70 percent
classes were equally stocked at 6 percent. One noticeable
difference among the three major species in the 31 -70
percent class was that chestnut oak was stocked at 5
percent while white oak and northern red oak were un-
s tocked .

Origins of Fourth Year Non-Overtopped Oaks
Successful reproduction for this study is any stem that
survived to the fourth year measurements and is in a non-
overtopped competitive position. This section focuses on
success related to origin. Fourth year non-overtopped
reproduction was determined to have originated either from
any size advance reproduction (AR) or from post harvest
germination (PHG). Numbers of successful oak reproduction
were very small. Of these small numbers, more than 50
percent of the non-overtopped overall oak reproduction
originated from PHG (58 stems per acre). AR origin repro-

Table d-fourth year stocking of non-overtopped oak reproduction in the harvested areas, within treatment,
topography, and competition classes

Fac to r P lo ts Q.alba Q. rubra Q.prinus Other  oaks A l l  oaks
-----Percentstockedplots----

Cut t ing  Trea tment
Defe rment  cu t 2 0 0 5 6 6 2 1 8
Strip clearcut 100 0 2 2 1 5
Block clearcut 198 1 0 1 1 3

Topograph ic  Pos i t ion
Upper / ridge 1 2 1 7 7 7 2 2 2
Mid 192 1 2 1 1 4
Lower 174 1 1 3 1 6

Pre -Harves t  Compet i t i on  Cover
o-1 0 pet 156 5 3 6 2 1 5
1 l-30  pet 2 5 3 1 2 3 1 6
31-70 pet 8 5 0 0 5 1 6
71-100 pet 4 0 0 0 0 0

Overa l l 4 9 8 2 3 3 1 9



Table 4-Origins  of fourth year non-overtopped oak reproduction in the harvested areas, within treatment,
topography, and competition class

Fac to r P lo ts Q. alba Q. rubra Q.prinus Other  oaks All oaks
AR PHG AR PHG AR PHG AR PHG AR PHG

- -- -_ -- -- -- _ - _ - _ - - _ _ - _ _ _ _ - Stems per acre- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Cut t ing  Trea tment-------------------------------_____
Deferment
cut 2 0 0 3 5 5 5 1 5 4 5 4 5 2 0 1 0 5 105 125

Strip
clearcut 1 0 0 0 0 1 0 1 0 1 0 1 0 1 0 0 3 0 2 0

B lock
clearcut 198 5 0 5 5 0 0 5 5 1 5 1 0

Topograph ic  Pos i t ion---------------------------------_r-
Upper  I
r idge 121 5 0 9 1 1 7 5 8 4 1 3 3 1 7 8 1 2 4 1 9 0
Mid 192 5 0 5 0 1 6 5 0 5 3 1 1 0
Lower 1 7 4 6 0 6 2 3 1 1 0 1 1 0 3 4 2 3

Pre -Harves t  Compet i t i on  Cover- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
O-10 pet 156 38 71 13 19 45 19 13 6 109 115
1 l-30 pet 2 5 3 8 0 8 20 12 8 4 4 32 32
31-70 pc 85 0 0 12 35 0 0 12 0 24 35
71-100
Pet 4 0 0 0 0 0 0 0 0 0 0

Overa l l 4 9 8 16 22 10 22 20 10 8 4 54 58

duction  totaled only 54 stems per acre (table 4). The major
oaks, white oak, northern red oak, and chestnut oak,
originated at 58, 69, and 67 percent respectively, from PHG.
Fourth-year oak stems that originated from stump sprout-
ing are not included here, but will be addresses in another
paper .

There was no clear difference in origin among harvesting
methods for non-overtopped reproduction of all oaks.
However, for the deferment cutting, white oak and northern
red oak reproduction originated mainly from PHG (61 and 75
percent respectively). In contrast, 69 percent of the chestnut
oak originated as AR. There was no notable difference
among species within the strip clearcutting method. One
clear difference in the block clearcutting treatments was that
white oak originated 100 percent from AR. Among topo-
graphic positions, there was a notable difference in the
origins of overall successful stems. The majority of all stems
in the upper and ridge shoulder positions originated from
PHG (61 percent), while mid slope (76 percent) and lower
slope (60 percent) locations had most of the successful
stems originating from AR. Among species, obvious differ-

ences  among topographic positions existed. In the upper
s lope and r idge shou lder  pos i t ions ,  wh i te  oak  (65  percent )
and northern red oak (77 percent) mainly originated from
PHG, while chestnut oak (55 percent) originated from AR. In
the  mid  s lope  pos i t ions  a l l  ma jo r  oak  spec ies  ma in ly
originated from AR (white oak 100 percent, northern red oak
100 percent and chestnut oak 76 percent). The lower slope
locations had 100 percent of the white oak and chestnut
oak originating from AR, while the northern red oak (79
percent) originated mostly from PHG. There was no
obvious difference in the origin of fourth year non-over-
topped reproduc t ion  among pre-harves t  compet i t ion  cover
classes for the overall successful stems. However, within
compet i t i on  c lasses  the re  was  a  no t i ceab le  d i f f e rence
among ma jo r  oak  spec ies .  Wi th in  the  O-10  percen t  compe-
tition class, the origin of successful white oak and northern
red oak reproduction was noticeably higher from PHG (59
and 65 percent respectively). Conversely, the majority of
chestnut oak reproduction came from AR (70 percent).
Origins for white oak and chestnut oak in the 11-30 percent
class are mainly from AR (100 and 60 percent respectively).
In contrast, the higher percentage of northern red oak
reproduction came from PHG (71 percent). The only
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species that had obvious differences in the 31-70 percent
class was northern red oak, with 74 percent of the suc-
cess fu l  s tems  coming  f rom PHG.

DISCUSSION
At only 112 non-overtopped stems per acre and 9 percent
plot stocking, the oak component in the fourth year reproduc-
tion is severely reduced from that of the pre-harvest stand. It
is generally accepted that large advance reproduction is
necessary for successful regeneration of oaks (Sander and
others 1984, Johnson 1993). It is also well established that
obtaining adequate oak reproduction is more difficult on high
quality sites, those greater than 70-foot site index (Smith
1993b).  Overall this site presented problems in both areas. In
the pre-harvest stand oak AR larger than 1 foot tall was quite
low, only 212 stems per acre, and was lowest on the middle
and lower topographic positions (Golden and others 1999).
Site indexes were higher than 70 feet even on the upper
slopes and ridge shoulders and exceeded 85 feet on the
middle and lower slopes. Fourth year non-ovetiopped oak
stocking and densities were low on all topographic positions,
but highest on ridge shoulders and upper slope positions,
which were relatively poorer, drier sites.

Four th  year  non-over topped oak dens i t i es  and  s tock ing
declined in the order: deferment cutting, strip clearcutting,
and then block clearcutting. A possible reason for this is the
increase in logging disturbance in that same order (Dubois
and others 1997, Golden and others 1999). Another possible
explanation is the amount of canopy left. The impacts posed
by the remaining canopy cover might be similar to a nurse
tree effect or a shading effect. The leave trees in the
deferment cut and edge trees in the uncut strips allowed the
oaks to grow in the lightly shaded areas. Other faster
growing species would have out competed the oaks if the
canopy were completely removed. The origins of the fourth
year non-overtopped white oak and northern red oak in the
deferment cuts are mainly from PHG. Conversely, the major
origin of chestnut oaks in the deferment cut was from AR.
Chestnut oak can persist for many years in the understory on
poorer quality sites and can react quickly to release (Burns
and Honkala  1990). The higher percent of successful oak
reproduction that came from PHG was surprising. However,
it is possibly a reflection of the overall small AR numbers.
Where the higher numbers of PHG were observed, the
deferment trees remained and provided seed. In addition,
white oak seed germinates in the fall and its acorns have a
50-90 percent germination capacity (Burns and Honkala
1990) .

By the fourth year, a large amount of oak reproduction was
overtopped by competing vegetation therefore not consid-
ered “successful”. Sixty seven percent of the plots had pre-
harvest competition cover exceeding 10 percent. Under this
severe competition the slower growing oaks tend to fall
behind. Once the canopy was fully removed, the faster
growing species were able to out compete the majority of
oak reproduction, overtopping it by age four.

CONCLUSIONS
Oak densities (112 stems per acre) and stocking levels (9
percent) were very low for all factors affecting fourth year
non-over topped reproduct ion  f rom non-sprout  or ig ins .  Oak

dens i t ies  and  s tock ing  percen tages  were  h ighes t  in  the
deferment cutting treatments as compared to the strip and
b lock  c lea rcu t t i ng  t rea tments .  H igher  numbers  and
stocking levels were also found at the upper slope and
r idge shou lder  pos i t ions  and dec l ined substant ia l l y  on  the
midd le  and  lower  s lope  loca t ions .  As  p re -harves t  compet i -
t i on  leve ls  inc reased oak  s tock ing  and  dens i t ies  de-
creased. For all oaks approximately 50 percent of the fourth
year  non-over topped reproduct ion  or ig ina ted f rom post
harvest germination. The majority of white oak and northern
red oak originated as post harvest germination. However,
the majority of chestnut oak stems originated from advance
reproduct ion .  The cont r ibu t ion  o f  the  non-sprout  oak
regeneration to the future stand will be low. Reproduction
f rom sprou t  o r ig in  w i l l  be  assessed in  a  subsequent  paper .
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STUMP SPROUTING 2 YEARS AFTER THINNING IN A
CHERRYBARK OAK PLANTATION

Brian Roy Lockhart, Jim L. Chambers, and Kristi L. Wharton’

Abstract-Stump sprouts are considered an important regeneration source in hardwood
management, especially in upland oak-dominated forests. Less is known about stump
sprouting in bottomland oak forests. Therefore, the objective of this study was to determine
the success and growth of stump sprouts following 2 thinning levels, 70-75 percent of initial
stocking (light thinning) and 45-50  percent of initial stocking (heavy thinning) in a 35year-old
cherrybark oak (Quercus pagoda Raf.) plantation in Concordia Parish, LA. Two growing
seasons after thinning, cherrybark oak sprout success was 37 percent across the study
site, a 200 percent decrease from the previous year. A severe drought occurred during this
time and may have contributed to the low sprouting success. Stumps averaged 8.5 sprouts
over the 2-year study period, and dominant sprouts were 82 inches tall. Results from this
study indicate that greater weights should be placed on stump sprout potential in bottomland
hardwood regeneration evaluation models.

INTRODUCTION
Sprouts are generally defined as shoots arising from the
base of woody plants or as suckers from roots (Helms
1998). Though called various names, tree sprouts can
usually be divided into 3 types for management purposes:
seed l ing  sp rou ts ,  roo t  sp rou ts ,  and  s tump sp rou ts .
Seedling sprouts are stems that arise from existing or
severed seed l ings  or  sap l ings  (  53  inches dbh)  where  the
root system may be several to many years older than the
stem (McQuilkin  1975). Root sprouts, or suckers, arise
f rom adven t i t i ous  suppressed  buds  on  roo t  sys tems o f
ex is t ing  or  severed t rees  (Korman ik  and Brown 1967) .
Stump sprouts arise from the base of severed stems and
can appear anywhere from the top to the base of the stump.

Stump and root sprouts are considered one of three broad
classes of oak reproduction (Aust and others 1985),  the
others  be ing  new seed l ings  tha t  deve lop  f rom acorns
which germinated just before or soon after harvest and
advance regenerat ion - o lder  regenerat ion l iv ing under-
neath a forest canopy (Smith and others 1997). Advance
regenerat ion  and sprouts  have long been cons idered the
most  impor tan t  source  o f  hardwood regenera t ion ,  espe-
cially for the various oak species (Hodges 1987, Johnson
1994) .  Sprout  surv iva l  and deve lopment  have been well-
studied for a variety of upland oak species including
northern red oak (Quercus rubra  L.) (Johnson 1975,
Johnson and Rogers 1980),  black oak (Q.  velutina  Lam.)
(Johnson and Sander 1988),  white oak (Q. a/& L.)
(McQuilkin  1975, Lynch and Bassett 1987),  and others
(Cobb and o thers  1985,  Lowel l  and o thers  1987) .  Th is
in format ion  has  been incorpora ted in to  severa l  hardwood
regenera t ion  eva luat ion  mode ls  des igned to  de termine i f
sufficient density and stocking of oak regeneration exists
prior to a harvest for regeneration success (Sander and
others  1976,  Johnson 1977,  Sander  and o thers  1984,  Dey
1993, Dey and others 1996).

Less is known about the role of sprouting in the regenera-
t ion  o f  bo t tomland oak spec ies  (Gard iner  and He lmig  1997,
Golden 1999). The stump sprouting component of bottom-
land hardwood regenerat ion  eva luat ion  models  re ly  on the
best information currently available, i.e., personal observa-
t ions ,  resu l ts  f rom up land  oak  sprou t ing  research ,  and
l im i ted  bo t tomland oak  sprout ing  research  (Johnson 1980,
Johnson and Deen 1993, Hart and others 1995, Belli  and
others 1999). Therefore, the objective of this study was to
add  to  the  sprou t ing  knowledge o f  bo t tomland  oak  spec ies .
Specifically, we examined success and growth of
cherrybark oak (Q. pagoda Raf.) stump sprouts following
two intensities of thinning in a 35year-old  plantation. Two-
year results are reported.

MATERIALS AND METHODS

Study Site Description
The study site is located on the Red River Wildlife Manage-
ment Area in Concordia Parish, east-central LA.
Physiographically, the site is located in the Natural Levee
Subreg ion ,  M iss iss ipp i  R iver  F loodp la in  Reg ion  o f  the
Al luv ia l  F loodp la in  Prov ince (Evans and o thers  1983)  and is
protected from flooding by the mainline levee system. Soils
a re  composed  o f  Commerce  s i l t  l oam (Aeric  F luvaquen ts )
and  Bru in  s i l t  l oam (F luvaquent ic  Eu t rudepts ) .  The  fo rmer
soil is deep and somewhat poorly drained while the latter
so i l  i s  deep and moderate ly  we l l  d ra ined.  Ra in fa l l  averages
59 inches per year and is generally evenly distributed
throughout  the  year  a l though per iod ic  summer  droughts
occur (Evans and others 1983). Average temperature is 67
degrees Fahrenhe i t  w i th  a  h igh o f  81  degrees Fahrenhe i t  in
July and August (Evans and others 1983). Cherrybark oak
site index, base age 50 years, was estimated at 110 feet
(Baker  and Broadfoot  1979) .
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The plantation was established on a 350-acre  agriculture
f ie ld  dur ing 1969-1972.  P lant ing  dens i ty  was var iab le  but
averaged 411 seed l ings  per  acre .  Cher rybark  oak  p lan t ing
accounted for 43 percent of the total area and was primarily
located in one portion of the field.

Treatments
Fifteen, 1 .&acre rectangular plots (396 by 198 feet) were
established in the cherrybark oak portion of the plantation.
Each plot consisted of a 0.4-acre  interior measurement plot
(264 by 66 feet) with the remaining area as buffer. Diameter
of all trees 2 5 inches dbh was measured in each interior
plot and a hand-drawn map was made for the location of
each tree for future reference. These data were used to
de te rmine  in i t ia l  s tock ing  us ing  Goe lz ’s  (1995)  s tock ing
gu ide  fo r  sou thern  bo t tomland hardwoods .  P lo ts  were  then
blocked, 3 plots per block, by initial stocking to reduce pre-
harves t  va r ia t i on  among  t rea tments .  Overa l l  s tock ing
among the plots was 89 percent, with average stocking
among the plots in each block ranging from 76 percent in
the lightest stocked block to 104 percent in the heaviest
s tocked  b l ock .

Three  th inn ing  t rea tments  were  randomly  ass igned to  the
plots in each block. These treatments included a light
th inn ing  in  wh ich  s tock ing  was  reduced  70 -75  pe rcen t ,  a
heavy thinning which reduced stocking to 45-50  percent,
and an unth inned cont ro l .  Tree mark ing gu ide l ines  were
developed using the stocking information along with a tree
class system (species, crown class, and butt-log grade) to
determine those trees that would serve as future crop trees
(preferred stock), those trees which could remain until the
next thinning or could be marked for the present thinning
(reserve stock), and those trees that should be removed in
the  p resent  th inn ing  opera t ion  (cu t t ing  s tock)  (Pu tnam and
others 1960, Meadows 1996). All cutting stock trees were
marked  then  reserve  s tock  t rees  were  marked  as  needed
unt i l  the  des i red  res idua l  s tock ing  was  a t ta ined .  Th inn ing
opera t ions  were  conducted  f rom 30 September  1998
through 3 February 1999 across the plantation. A total of
141 cherrybark oak trees were harvested in the treatment
p lo t s .

Measurements
Assessmen ts  were  made  o f  each  che r ryba rk  oak  s tump
during the 1999/2000  and 2000/2001  dormant seasons,
represent ing  the  1999 and 2000 growing seasons,
respectively. Observations were noted as to whether the
s tump sp rou ted ,  how many  sp rou ts  were  p resen t ,  and  the
height of the tallest sprout (in centimeters) for each stump
when 2 or more sprouts were present. Due to the prolifera-
tion of sprouts in a small location on many stumps, only
those sprouts that were > 1 foot tall and located within 3
inches of the stump were counted. These criteria allowed
us to distinguish sprouts from branches within a sprout
and to avoid counting stems that paralleled the surface of
the ground despite being as long as 3 feet. On dead
sprouts, we noted if they had initiated growth prior to their
death.

Analyses
Sprout success, calculated as the number of stumps with
at least one living sprout divided by the total number of
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Figure l-1999 diameter distribution of cherrybark oak sprouting
success for light and heavy thinning treatments on the Red River
Wildlife Management Area, Concordia Parish, LA.

stumps, sprout numbers per stump, and height of the
tallest sprout on each stump were analyzed using analysis-
of-variance in a randomized complete block design. Initial
stocking density represented the blocking factor. Since
controls contained no stumps, only two treatments, light
thinning and heavy thinning, were included in the analyses.
Regress ion  techn iques  were  a lso  used  to  de te rmine  i f
re la t ionsh ips  ex is ted  be tween the  var iab les  and pre-
harvest tree diameter. All analyses were done using PC-
SAS (SAS 1985). An alpha level of 0.05 was used to
de te rmine  s ign i f i can t  d i f fe rences .  He igh t  va lues  were
converted to English units for reporting purposes.

RESULTS AND DISCUSSION

Sprout Success
One growing season after thinning 81 percent of the
cher rybark  oak  s tumps had  sprou ted .  Sprou t ing  occur red
for all diameter classes with nearly 100 percent sprouting
for trees > 14 inches (n = 20) (figure 1). Eleven of these
sprouts died during the year for a sprouting success of 73
percent (table 1). Sprout success in the light thinning
treatment was greater than in the heavy thinning treatment,
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Figure 2-2000 diameter distribution of cherrybark oak sprouting
success for light and heavy thinning treatments on the Red River
Wildlife Management Area, Concordia Parish, LA.



Table l-Stump sprout characteristics two years after light and heavy thinning in a cherrybark oak plantation on the Red
River Wildlife Management Area

Sprou t  Success  (percen t ) No. Sprouts per Stump Height (cm) Ht. Growth (cm)

Trea t -
m e n t 1999 2000 1999 2000 1999 2000 2000

Light 79a’ 1 .12 3 3 a 4 8 1 . 1 1 0 1 . 7 6 0 4 7 9 1 3 1 2 9

Heavy 6 6 b 3 . 4 4 4 b 5 9 0 . 8 7 0 . 9 6 0 2 8 6 3 2 8 3
P-h .OOlO .0066 .9444 .3181 .9242 .6479 .2392

1 Numbers followed by different letters within a column are significantly different at p 0.05.
2 The second column within each growing season represents rl  standard error.

79 percent to 66 percent, respectively (table 1).  Greater
success in the light thinning may be attributed to a greater
number of trees harvested in the smaller dbh size classes,
especially the 6- and 8-inch dbh classes, with subsequent
greater sprouting potential (figure 1). Greater sprouting for
smal le r -s ized t rees  has  been repor ted  fo r  o ther  oak
spec ies  (Johnson 1975,  Go lden 1999) .  Sprou t ing  success
d i f fe rences  a lso  ex is ted  be tween b locks  ( in i t i a l  t ree
s tock ing)  a l though no  d iscernab le  pa t te rns  ex is ted .

Sprou t  success  d ropped cons iderab ly  the  second year  a f te r
th inn ing  (2000 growing  season) .  Success  was  on ly  37
percent across the study site, a 200 percent decrease from
the previous growing season (figure 2). Mortality was
distributed across the range of dbh but was most pro-
nounced in the 8- and lo-inch dbh classes (figure 2). The
likely cause for this increased sprout mortality was the
severe drought that occurred during the two-year study
period. Rainfall totals at the Marksville, LA station (about 15
miles southwest of the Red River WMA) were 75 percent
and 72 percent of normal for 1999 and 2000, respectively.
Twenty-four sprouts (17 percent of the total number of
s tumps)  per ished dur ing  the  second growing season.
Many of these sprouts grew well during the early growing
season with multiple flushes, flush lengths 2 1 foot, and
leaves distributed along the stem of each flush-all signs
of good sprout vigor. Unlike the previous growing season,
success  was  g rea te r  in  the  heavy  th inned  p lo ts  compared
to the light thinned plots, 42 percent to 32 percent, respec-
tively (table 1). With a greater number of trees thinned, the
heavy  th inned p lo ts  may have had less  be low-ground
compet i t i on  w i th  a  subsequent  g rea te r  amount  o f  so i l
mo is tu re  ava i lab le  fo r  the  s tump sprou ts .  D i f fe rences
continued to exist in sprout success between blocks but,
as  w i th  the  1999 growing season,  no  d iscernab le  pa t te rns
ex is ted .

Gardiner and Hetmig  (1997) reported 100 percent survival
of stump sprouts 1 year following light and heavy thinning
in a 28-year-old  water oak (Q. nigra  L.) plantation. Survival
decreased cons iderab le  by  year  2  and fo l lowed a  gradua l
decline through year 7. No differences in survival occurred
between the thinning treatments until year 7 when survival
in the heavy thinning was 23 percent greater than in the
l igh t  th inn ing .  Gard iner  and He lmig  (1997)  a t t r ibu ted th is
d i f fe rence to  ear ly  c rown c losure  and subsequent
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decreased light levels in the lightly thinned plots. Similar
results, despite the heavy influence of the recent drought,
are expected with cherrybark oak in the present study as
the overstory canopy should close earlier in the light
thinned plots. Golden (1999) reported only 13 percent of
cherrybark oak trees had sprouts 3 years following clear
felling in 0.8-acre  openings. He attributed this low
sprouting success primarily to the initial large tree sizes
and  subsequent  la rge  s tump s izes .  Sprou t ing  success  has
been shown to  decrease w i th  inc reas ing  paren t  t ree
diameter (Johnson 1975),  possibly due to the inability of
suppressed buds  to  b reak  th rough the  th icker  bark
associated with larger trees or the inability of sprouts to
produce enough food to keep the large root system alive.

Sprout Number
Sprou t  numbers  per  s tump var ied  l i t t l e  be tween t rea tments
and growing seasons ( tab le  1) .  Sprout  numbers  averaged
8.5 across both years. Self-thinning within sprout clumps
has yet to occur. Apparently, the aforementioned drought
has had little effect on survival within sprout clumps
compared  to  sp rou t ing  success .

Gardiner and Helmig (1997) noted that l-year-old water
oak  sp rou t  c lumps  averaged  15  s tems per  s tump.  They
also noted that thinning level did not affect the initial stem
number  per  sprou t  c lump.  The i r  resu l ts  showed cons ider -
able within-stump sprout mortality through the first 4 years
before stabilizing at about 4 stems per sprout clump by age
7. A decrease in the stem number per sprout clump was
not found with cherrybark oak during the 2 growing sea-
sons .  Longer  te rm resu l ts  a re  needed f rom the  present
s tudy  w i th  cher rybark  oak  be fo re  more  d i rec t  compar isons
can be made with the sprout number per stump with water
oak .

Height
Height of the tallest sprout within each sprout clump
averaged 60 inches one year after thinning. Heights
generally increased with increasing tree dbh (r*  = 0.68 for
simple linear regression), ranging from 48 inches for the 6-
inch dbh class to 107 inches for the 20-inch  dbh class
(figure 3). Mean height increased to 82 inches following the
2000 growing season,  a l though th is  represented a  27
percent decrease in height growth from the previous year.
The  t rend  o f  inc reas ing  he igh ts  w i th  inc reas ing  dbh  c lass
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Figure 3-Distribution of 1999 and 2000 cherrybark oak sprout
heights and 2000 cherrybark oak sprout height growth by dbh
class on the Red River Wildlife Management Area, Concordia
Parish, LA.

remained evident, though not as strong, in the second
growing season (r*  = 0.42, figure 3). Thinning regime did
not  in f luence sprout  he igh t  dur ing  e i ther  g rowing season
(table 1).

A pattern of decreasing height growth with increasing
sprout  age has  been noted  by  o thers  (Cobb and o thers
1985,  Gard iner  and Helmig  1997) .  Cobb and o thers  (1985)
found annual reductions in height growth of scarlet oak (Q.
cocc inea  Muenchh. )  sprouts  ranged f rom 7-33 percent
during the first 5 years of development following
clearcutting in the upper Piedmont of South Carolina.
Gard iner  and Helmig (1997)  a lso found sprout  he ight
growth decreased following thinning in a water oak
plantation, from 20 inches annual growth for the first 5
years to 11 inches annual growth the next 2 years. Appar-
ently, the rapid early height growth experience by sprouts
decreases over time as the above-ground and below-
ground por t ions  o f  each sprout  comes in to  ba lance.

CONCLUSIONS
In fo rmat ion  on  oak  sprou t  deve lopment  fo l low ing  par t ia l
cu t t ing  in  sou thern  bo t tomland  fo res ts  i s  l im i ted .  F ind ings
from this study with cherrybark oak in a thinned plantation
are  genera l ly  in  agreement  w i th  Gard iner  and Helmig ’s
(1997) study of water oak sprout development in a thinned
wate r  oak  p lan ta t i on .  S tump sp rou t  success  and  g rowth
are  dependent  on  ava i lab le  resources .  As  these  resources ,
espec ia l l y  l i gh t ,  d im in ish ,  s lower  g rowth  and  inc reased
mortality should be expected. Therefore, future thinnings
will be necessary to prolong the success and growth of
these sprouts .  Gard iner  and He lmig  (1997)  ment ioned
th inn ing  w i th in  sprou t  c lumps cou ld  poss ib ly  ex tend  sprou t
surv iva l  and  g rowth ,  based on  work  conduc ted  w i th  up land
oak spec ies  (Johnson and Rogers  1984,  Lowel l  and
others  1987) .  Such  t rea tments  requ i re  add i t iona l  research
wi th  bo t tomland  hardwood spec ies .

Har t  and  o thers  (1995)  recen t  mod i f i ca t ion  o f  Johnson ’s
(1980)  bot tomland hardwood regenerat ion eva luat ion
model gives 3 points for trees 2-5 inches dbh, 2 points for
trees 6-10 inches dbh, 1 point for trees 11-15 inches dbh,
and no points to trees > 16 inches dbh. A minimum of 12

points is needed for a O.Ol-acre regeneration plot to be
cons idered  adequate ly  s tocked w i th  regenera t ion  or
regeneration potential from stump sprouts. It would take 4
trees in the smallest dbh class or 12 trees in the 1 l-15 inch
dbh class for a plot to be considered stocked, assuming no
other trees were present in the plot. Data used in the
mod i f i ca t ion  o f  Johnson ’s  (1980)  mode l  invo lved  pr imar i l y
seedlings and saplings; limited data existed for trees 2
4 inches dbh to adequately evaluate the role of stump
sprou ts  in  regenera t ing  bo t tomland hardwood s tands  (Har t
and others 1995, Belli  and others 1999). Results from this
study indicate that more weight should be given to trees in
larger size classes, especially if drought induced mortality
is removed. However, the present study was limited to only
141 harvested cherrybark oak trees growing on an excellent
s i te  wh ich  was  sub jec ted  to  unusua l  weather  cond i t ions
over the past 2 years. Furthermore, the current bottomland
hardwood regenerat ion  model  was deve loped for  use in
stands that will receive a regeneration harvest: the subse-
quent  regenera t ion  w i l l  respond to  open cond i t ions .  The
present study involved trees that were harvested as part of
a thinning operation in which an overstory canopy still
exists. Shading from this overstory will influence future
development of oak sprouts. Also, sprouts in the present
study arose from trees that were judged to be inferior to the
res idua l  t rees ;  the re fo re ,  sp rou t  deve lopment  f rom these
trees may differ from sprouts which develop from the
residual crop trees. Much work remains on the role of
s tump sprou ts  in  regenera t ing  bo t tomland hardwood
s tands ;  th i s  inc ludes  bo th  oak  and  non-oak  spec ies .
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REPRODUCTION IN GROUP SELECTION OPENINGS
8 YEARS AFTER HARVEST IN A BOTTOMLAND  MIXED

HARDWOOD FOREST

Michael S.  Golden’

Abstract-Eight-year reproduction was inventoried in permanent plots in 10 small patch
cuts in a mixed bottomland forest by the Tombigbee River in western Alabama. Overall, there
was adequate reproduction of commercial tree species (1174 stems per acre), but there
were some scattered unstacked  areas. The overall reproduction of oaks was relatively
poor (an average of 340 per acre and less than 20 percent milacre plot stocking) and
cherrybark, Shumard, and swamp chestnut oak reproduction was probably not sufficient to
recover their proportions that existed in the preharvest overstory. Water/willow oaks were
more successful than the other oaks and may attain equal or higher levels in the future
stand compared to the preharvest overstory. Understocked areas in the patches resulted
primarily from development of heavy woody vine and shrub cover, with grapevine the most
important problem. The eight-year stocking of oaks originated primarily from advance
reproduction less than one foot tall and from post harvest germination of acorns. The
contribution of large advance oak reproduction was very small, due to the very low
numbers present before harvest.

INTRODUCTION
The objectives of this paper are (1) to assess natural
reproduc t ion  success  fo r  oaks  and  o ther  ma jo r  t ree
species eight years after harvesting small patches in a
river bottomland mixed hardwoods forest; and (2) to
examine the relative role of advance reproduction and
post -harves t  germinat ion  in  es tab l i sh ing  reproduc t ion  on
this site.

STUDY SITE
The study was established in 1992 in a 75 acre stand of
oak-domina ted  mixed bo t tomland hardwoods in  the
floodplain of the Tombigbee River, in Choctaw County,
Alabama. The property is owned and managed by Ft.
James Corporation. Physiographically, the site is in the
Hi l l y  Coas ta l  P la in  Prov ince  (Hodgk ins  and o thers  1979)
and is just south of and downstream from the Black Belt.

At the time of cutting, the stand was predominately
bottomland mixed oak forest, with the dominant canopy
mostly 65-75 years old and 11 O-135 ft tall. The area of the
study is a mixture of low, well-drained ridges and moder-
a te ly  to  somewhat  poor l y -d ra ined  f la ts .  The  dominan t  so i l s
are of the Mooreville, Urbo, and Una series. Surface
horizons are mostly loam to silt loam. Typically, most of the
sites are covered by river floodwater for brief periods once
or twice during the winter and spring. The flats can also fill
with water from rainfall, resulting in their having surface
water l-3 inches deep even in late spring.

STUDY DESIGN
Rectangular clearcut  patches of 0.8 acre, 132 by 264 ft,
were the basic units of the study. These were small
clearcuts, but this size falls within acceptable size limits
fo r  a  group se lec t ion  regenera t ion  method (Smi th  and
others 1996),  since they approximate one tree height wide
by two tree heights long. Ten patches, centered among
clusters of larger dominants and oriented generally east-
wes t ,  were  de l inea ted .

Five patches were randomly selected and harvested in
early June, 1992 and the remaining five were harvested in
ear ly  Oc tober ,  1992.  These were  opera t iona l  commerc ia l
harves ts  conduc ted  by  loggers  con t rac ted  by  L inden
Lumber  Company o f  L inden,  A labama.  Trees  were  fe l led
by chainsaws, delimbed and topped where they fell, and
pulled by grapple skidders to one of two centrally-located
loading decks. Following the commercial harvests, all
remaining trees in the openings that were larger than 2
inches  dbh were  fe l led .  When measured by  remain ing
perimeter trees, all of the cut openings were slightly more
than 0.9 acre in size. In aggregate, the ten cut patches
to ta led  approx imate ly  9 .1  ac res .

DATA COLLECTION AND ANALYSIS
Prior to harvest, all trees in each patch greater than 10  ft
tall were inventoried and their locations mapped. Species
and dbh were recorded for each tree.
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Table l-Preharvest stems per acre, basal area, and dbh’s for trees larger than 5 inches dbh, all ten
patches combined

Species Stems/at Ft2/ac
DBH (in.)

Mean
DBH (in.)

Max imum

Quercus pagoda 1 4 4 6 . 7 2 3 . 6 4 4 . 5
Quercus phellos 6 2 0 . 6 2 3 . 3 3 8 . 7
Liqu idambar  styraciflua 2 8 2 0 . 2 1 0 . 6 2 9 . 3
Quercus n igra 6 1 7 . 6 2 1 . 2 4 0 . 4
Quercus  michaux i i 5 8 . 8 15.1 4 0 . 4
Quercus  shumard i i 1 4 . 3 2 2 . 5 3 1 . 1
Frax inus  pensy l van i ca 5 4.1 1 1 . 0 2 7 . 6
Celtis  laevigata 5 3 . 3 1 0 . 3 2 0 . 5
Carp in is  caro l in iana 1 2 2 . 6 6 . 3 1 1 . 9
Quercus  l y ra ta 1 2.1 1 6 . 0 3 2 . 8
Carya  spp. 2 1 . 9 1 1 . 0 21 .o
Carya ovalis 1 1 . 5 4.1 1 6 . 6
Carya  co rd i fo rm is 2 1 . 1 5.1 2 1 . 8
C a r y a  o v a t a 2 0 . 9 8 . 2 18.1
Quercus laur i fo l ia <I 0 . 8 2 1 . 2 2 5 . 2
Nyssa sylvatica 2 0 . 6 7 . 7 12.1
Morus rubra 1 0 . 4 7 . 0 9 . 9
Ulmus  Amer icana 1 0 . 3 6 . 8 1 0 . 0
Carya  t omen tosa 1 0 . 2 7 . 7 1 0 . 8
llex o p a c a <l 0 . 2 8 . 9 1 2 . 6
Ulmus spp. <I 0.1 6.1 6 . 7
Hales ia  d ip tera <I 0.1 5 . 9 7 . 2
Ulmus  alata <l 0.1 6 . 3 7 . 4
llex  decidua <I <O.l 6 . 3 7 . 2
Cra taegus  spp. <l <O.l 6 . 0 6 . 0

To ta l s 9 6 1 3 4 . 0

For  inventory  and long- te rm moni to r ing  o f  reproduct ion ,
seven systematically-placed belt transects, each 6.6 ft wide
and extending from side to side perpendicular to the long
axis, were established in each patch. These were seg-
mented into 1 milacre (6.6 by 6.6 ft) subplots, with 20
subplots in each transect within the patch boundaries, for a
total of 140 milacre subplots within each patch. The
subplot corners were marked with wire pin flags, which
were replaced by plastic pipe stakes after the harvests.

All non-vine woody species were tallied by species and
size class within each subplot before harvesting and
severa l  t imes  s ince .  The  fo res t  su r round ing  the  deve lop ing
pa tches  was  commerc ia l l y  clearcut  in  la te  summer ,  1999.
The last reproduction plot inventory was conducted in early
June, 2000, eight years after the first harvests. Tree
reproduction in the milacre plots were re-inventoried by
spec ies  and  compe t i t i ve  pos i t i on  c lass .  To  cha rac te r i ze
and discuss the eight-year reproduction, only those trees
cons idered “non-over topped”  (NOT)  were  inc luded.  Th is
category is composed of trees with no competing trees
having live foliage directly overtopping the tip. This includes
those judged “free-to-grow”, with no taller trees intersecting
a 90 degree exclusion angle with the apex at the growing

tip (Smith and others 1996) and those with slightly taller,
crowding trees nearby, but with no foliage directly overtop-
ping them (“free tip”). It was felt that all of these had at least
some chance of ultimately being in the canopy. In the third
decade after harvest, cherrybark oak has been found to be
ab le  to  ga in  dominance over  sweetgums tha t  had ear l ie r
c rowded them and been ta l le r  (C la t te rbuck  and Hodges
1988) .  Those  t rees  comple te ly  over topped were  exc luded
from the analyses, regardless of height, and considered to
have lost the battle for space in the developing canopy.
At the eight-year inventory, several hundred of the original
reproduction plots were judged too heavily damaged by the
1999 timber harvest and were omitted from further analy-
ses .  Da ta  f rom the  rema in ing  954  p lo ts  were  summar ized
by  spec ies  and  compet i t i on  c lass  and  compared  to
preharvest data from the same 954 plots and to the total
preharvest overstory inventory.

RESULTS AND DISCUSSION

Preharvest Trees
Before harvest, the overstories of all of the patches were
dominated in basal area by oaks. Taken together, the oaks
averaged 100.9 ft2  per acre. Cherrybark oak (Quercus
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pagoda Raf.) averaged the highest basal area (table 1). It
was present in the overstory of all ten of the patches, with a
minimum basal area of 17.7 ft* per acre and a maximum of
95.1 ft2  per acre. However, most of the trees were large and
its canopy numbers were relatively small, averaging only 14
stems per acre. Willow oak (Q. phellos  L.) was second in
overall dominance (20.6 ft2  per acre), but it averaged only 6
stems per acre. Water oak (Q. nigra  L.) was present in the
overstories of all ten patches, but was fourth overall in
basa l  a rea  and averaged on ly  6  s tems per  acre .  Swamp
chestnut oak (Q. michauxii  Nutt.) was present in nine of the
ten  pa tches ,  bu t  was  never  a  lead ing  dominant .  Shumard
oak (Q.  shumardii Buckl.) was a leading species in one
patch and present in another, but was absent from the
other eight patches. Two other oaks, overcup  (Q.  lyrata
Walt.) and swamp laurel oak (Q. laurifolia  Michx.) were
present but were scattered and in very low numbers within
the patches. Sweetgum  (Liquidambar  styraciflua  L.) was
third in species average basal area (20.2 ft* per acre) and
first in average stem density with 28 per acre (table 1). It
was present in all patches. Green ash (Fraxinus
pennsylvanica  Marsh.) and sugarberry (Celtis  laevigata
Willd.) were present in most of the patches, but were never
among the  dominan t  spec ies .

Advance Reproduction
For the analyses and the discussion here, a broad interpre-
tation of “advance reproduction” will be used, to include all
seed l ings ,  sap l ings ,  and  smal le r  t rees  hav ing  h igh  s tump
sprou t ing  po ten t ia l  (Johnson 1993) .  I t  has  been w ide ly
es tab l i shed tha t  hardwood s tumps dec l ine  in  the i r  p rob-
ability for producing long-lived sprouts as their size in-
creases (Sander and others 1984, Johnson 1993, Belli  and
others 1999, Golden 1999). A previous study of the sprouts
originating on this site (Golden 1999) found that stumps
from trees smaller than 12 inches dbh sprouted with high
frequency, but those larger produced very few sprouts still
alive three years after harvest. Consequently, all trees
smal le r  than 12 inches dbh ( inc lud ing sap l ings  and
seed l ings)  ta l l ied  in  the  reproduct ion  p lo ts  were  inc luded
as  advance reproduc t ion .  Smal l  seed l ings  o f  water  oak  and
willow oak were impossible to reliably distinguish, so all
reproduction data for these two oaks will be treated as one
c lass ,  “wa te r /w i l l ow  oak ” .

With all sizes taken together, advance reproduction (AR) of
a l l  commerc ia l  spec ies  combined averaged 12 ,572 per
acre (table 2). Water/willow oak reproduction comprised the
majority of these, averaging 7,594 per acre. Cherrybark oak
was second in advance reproduction, at 1059 per acre. All
o ther  oaks  combined averaged less  than 100 per  acre .

It is noteworthy that more than 95 percent of the advance
reproduction for commercial species was less than 1 ft tall
(small AR), with only 609 per acre taller than 1 ft (large AR)
(table 2). For the oaks, only 0.5 percent (45 per acre) of their
advance reproduction was taller than 1 ft. For the 952
reproduction plots, cherrybark oak averaged only 6 stems
per acre more than 1 ft tall, with 4 per acre of these less
than 3 ft tall. There were no cherrybark oaks found in the
sizes taller than 3 ft but smaller than 5 inches dbh (table 2).
Water /w i l low oak  advance reproduc t ion  had somewhat
more, but only 26 per acre in large AR, and all of these were
less than 3 ft tall. Sweetgum  and green ash each had more
than 150 stems per acre in large AR, with the large majority
of these less than 3 ft tall. Other commercial species,
p r inc ipa l l y  sugarber ry  and e lms,  compr ised  more  than 230
large AR per acre (table 2).

The small number of large AR for the oaks was apparently
due to the heavy shade at the seedling layer, which was
created mostly by the midstory  and understory layers. Small
seedlings were able to establish from strong acorn crops,
but failed to continue height growth once food reserves
from the acorns were exhausted.

Tree Reproduction After Eight Years
Among the e ight -year  non-over topped (NOT)  reproduct ion ,
commerc ia l  t ree  spec ies  averaged 1174 s tems per  ac re ,
with sweetgum  the most abundant (422 per acre) and
green ash (301 per acre) second (figure 1). Taken as a
group, the oaks comprised about 29 percent (340 per acre)
of the NOT reproduction, with water/willow oak having the
highest numbers (242 per acre) (figure 1). Cherrybark oak
was reduced to 85 NOT trees per acre, and the other oaks
(swamp ches tnu t ,  shumard ,  and  overcup)  together  aver -
aged only 14 per acre.

Table a-Advance  reproduction, including all trees up to 12 inches dbh found in the
reproduction plots, by size class

Cherrybark Water/willow Other Green Other Total
S i z e Oak oak oaks Sweetgum ash  commerc ia l  commerc ia l

______________________________________ Trees/acre  _______________.________________________-------
4” tall 480 2082 1 9 6 6 9 5 619 3361
>4”<12”  tall 573 5486 6 4 8 3 503 1893 8602
>l ‘- 3’ tall 4 2 6 7 1 1 2 153 153 453
3’-  10’  tall 0 0 0 2 0 6 1 3 3 9
>lO’tall-  Ydbh  0 0 4 1 8 3 50 7 5
>5”<12”  d b h  2 0 2 2 1 0 1 7 4 2

To ta l s 1059 7 5 9 4 9 6 3 2 0 7 6 0 2 7 4 3 1 2 5 7 2
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Table 3-Comparison of oak advance reproduction
density and stocking percentages (of 954 plots) to non-
overtopped (NOT) reproduction eight years after harvest

Species All AR Large AR 8 year
on ly N O T

-----Stems/acre (pet.  stocking)------

Cherrybark  oak 1112 (37) 6 (1) 85 (6)
Water/willow oak 7977 (56) 27(2) 242 (14)
Other  oaks 101 (7) 14(l) 14  (1)
Sweetgum 336 (20) 180 (11) 422 (29)
Green  ash 798 (34) 70(12) 301 (21)
Other commercial 2882 (83) 243 (18) 110 (10)

Comparisons Of Preharvest To Eight-Year Species
Composition

Advance Reproduction Comparison-in terms of number
per acre, when all advance reproduction sizes are taken
together, the attrition in numbers from AR to 8-year  NOT
was most dramatic for water/willow oak, which declined
from 7977 to 242 per acre (table 3)  for a 33:l  ratio of AR to
8-year stems. This is not surprising, since only 27 per acre
of the AR stems were taller than 1 foot. Cherrybark oak
numbers also declined drastically, from 1112 to 85 per acre
(13:l).  Even fewer (6 per acre) of its AR were taller than 1
foot. Only sweetgum  showed an increase, from 336 to 422
per acre (table 3).

However ,  pub l i shed  p red ic t i ve  methods  fo r  oaks  empha-
size that larger AR, at least 1 foot tall, have much higher
probab i l i t ies  fo r  reproduct ion  success (Sander  1984,
Johnson and Deen 1993, Belli  and others 1999). If only
those larger AR are considered, the oaks increased their
numbers substantially - cherrybark oak from 6 to 85 per
acre and water/willow oak from 27 to 242 per acre. This
clearly indicates that large AR alone did not account for the
ma jo r i t y  o f  success fu l  oak  reproduc t ion .

One o f  the  mos t  in fo rmat i ve  va lues  in  assess ing  reproduc-
tion success is stocking percentage. From the practical
s tandpo in t  o f  compar ing  impor tance  o f  a  spec ies  among
t ree  reproduc t ion ,  d is t r ibu t ion  is  perhaps  as  impor tan t  as
sheer  numbers ,  s ince  hav ing  a  g iven  number  o f  w ide ly
d is t r ibu ted  seed l ings  i s  a  more  advantageous  s i tua t ion
than when they are concentrated in dense clusters.

D is t r i bu t ion  i s  cus tomar i l y  assessed  in  s i l v i cu l tu ra l
applications by determining the percentage of well-
distributed sample plots that are “stocked”. This gives
information that is highly related to both density and
distribution. For a specific species, a stocked milacre
reproduction plot had at least one suitable individual of the
species present. Stocking for “all AR” was determined
using presence of any stem less than 12 inches as the
criterion, but stocking using just “large AR” (that less than 1
ft tall excluded) was also determined.

With all sizes considered, AR stocking for cherrybark oak
was  somewhat  low (37  percen t ) ,  wh i le  wa te r /w i l l ow oak
was moderate (56 percent), and other oaks was very low (7
percent) (table 3). The stocking with large AR oaks was
extremely low (1, 2, and 1 percent, respectively, for
cherrybark, water/willow, and other oaks). When AR
stocking was compared to that of 8-year NOT, the data
exhibited a pattern similar to that for stems per acre,
differing primarily in degree. The ratio of all AR stocking to
8-year was about 6:l  for cherrybark oak, 4:l  for water/willow
oak, and 7:l for other oaks (table 3). Unfortunately, the
stocking levels were very low in the 8-year stand for the
oaks, only 6, 14, and 1 percent for cherrybark, water/willow,
and other oaks, respectively. Again, sweetgum  exhibited an
increase from preharvest to eight-year stocking (table 3).
So, using plot stocking as the criterion, oak reproduction
success would be judged to be very poor.

Preharvest Overstory Comparison-Another test of
reproduction “success” for a specific species is whether it
held its own or increased in proportion compared to its
proportion in the preharvest overstory. In other words, has a
species gained or lost in relative importance in the new
stand  compared  to  the  harves ted  one?

When the species proportions in the preharvest overstory
(all trees more than 5 inches dbh) numbers were com-
pared to their proportions among the 8-year  NOT trees
(figure 2)  the greatest gain achieved was for green ash,
which increased more than fourfold, from 5 to 22 percent of
stems. Water/willow oak gained slightly (13 up to 17
percent) and sweetgum  remained almost the same (about
30 percent). However, cherrybark oak and other oaks lost
substantially in proportions, dropping to less than half and
to one-eighth, respectively (figure 2). Cherrybark oak
comprised only 6 percent of the 8-year  NOT trees, down
from 14 percent in the preharvest overstory.

Table 4-Sources of plots stocked with non-overtopped oak reproduction after eight years

Source Cher rybark Wate r /w i l l ow Other
o a k o a k o a k s

Number (pet.)  of plots

All AR, <12”  dbh 37 (62) 104 (78) 0  (0)
AR, 1’ tall-12” dbh 2 (3) 8 (6) 4 (46)
Pos t -harves t  germina t ion 21 (35) 21 (16) 6 (60)
To ta l s 60(  100) 133(  100) 10(100)
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Figure l-Eight-year non-overtopped (NOT) reproduction.

Origins Of Eight-Year Oak Stocking
Since it was obvious from the previous analyses that most
o f  the  success fu l  (non-over topped)  oak  regenera t ion  a t
eight years could not have come from large advance
reproduc t ion ,  where  d id  i t  come f rom? Convent iona l
w isdom is  tha t  oak  regenera t ion  mus t  come a lmos t  en t i re l y
f rom advance  reproduc t ion ,  and  so  pos tharves t  germina-
tion of seed plays little or no role (Johnson 1993). Although
individual seedlings were not tagged in this study, the
careful inventory of precisely relocated small plots allowed
me to  deve lop  some conserva t i ve  assessments  o f  t he  ro le
o f  pos t -harves t  germina t ion  (PHG)  in  p rov id ing  success fu l
stocking at eight years.

For this, I examined for each oak species just those plots
that were stocked with at least one NOT tree at the eight-
year inventory. For these, if a plot had not been stocked with
any size AR, it was assumed that the source of that plot’s
stocking at 8 years was PHG. If it had any AR, the stocking
was assumed to have originated from that. For those
stocked plots that had contained AR, they were assumed to
have originated from large AR if any stems taller than 1 foot
were present for the species at the preharvest inventory.
Otherw ise ,  they  were  assumed to  have  o r ig ina ted  f rom
small AR, less than 1 foot tall. Thus this approach pro-
duced  es t ima tes  o f  PHG and  sma l l  AR tha t  a re  m in imums
relative to AR and large AR, respectively.

The results indicate that PHG contributed substantially to
the eight-year NOT stocking for the oaks. For cherrybark
oak, 35 percent of its stocking (21 of 60 plots) was from
post -harves t  germinat ion  ( tab le  4 ) .  The propor t ion  was
smaller for water/willow oak, 17 percent, but still substan-
tial. Only 10 plots were stocked with other oaks, but 6 of
these were from PHG.

Most of the stocking for cherrybark and water/willow oaks
or ig ina ted  f rom smal l  advance reproduc t ion ,  compr is ing
62 and 78 percent, respectively, of stocked plots (table 4).
Only about 3 and 6 percent of the stocking originated from
AR taller than 1 foot for cherrybark and water/willow oaks
respectively. This is primarily a reflection of the lack of
large advance reproduction in the stand.

Major Limitations To Successful Reproduction
Muscadine grape (Vitis rotundifolia)  proved to be a major
problem on this site. It did not appear to be particularly
abundant before the harvest, although vines were com-
mon and  smal l  seed l ings  were  sca t te red  th roughout .
Be tween the  th ree-year  assessment  (no t  repor ted)  and
the eight-year inventory, a large number of seedlings and
sap l ings  were  comple te ly  covered  by  g rapev ines ,  and
many were bent or even broken over by the weight of the
heavy vines. Rattan-vine (Berchemia  scandens) also
covered  and broke  seed l ings  in  some areas .  Erec t
blackberries (Rubus  spp.) formed tall, dense thickets in
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Figure 2-Percentage of total stems, by species, for preharvest trees (~5”  dbh) vs 8-year non-overtopped.

some areas. Some of these created sufficient shade to
cause  mor ta l i t y  o f  deve lop ing  oaks .  The  b lackber r ies  a l so
provided support for the woody vines, producing a tent-like
effect in some areas.

CONCLUStONS
Eight years after harvesting small clearcut  patches in a
r ive rbo t tom mixed  fo res t ,  the re  was  adequate  reproduc t ion
of commercial tree species overall (1174 per acre), but
there were some scattered unstacked  areas. The overall
reproduction of oaks was relatively poor (340 per acre and
less than 20 percent milacre plot stocking) and cherrybark,
Shumard ,  and  swamp ches tnu t  oak  reproduc t ion  was
probably not sufficient to recover their proportions that
existed in the preharvest overstory. Water/willow oaks were
more successful than the other oaks and may attain equal
or higher levels in the future stand compared to the
preharves t  overs to ry .  Unders tocked  a reas  in  the  pa tches
resulted primarily from development of heavy woody vine
and shrub cover, with grapevine the most important
p rob lem.  The  e igh t -year  s tock ing  o f  oaks  o r ig ina ted
primarily from advance reproduction less than one foot tall
and from post harvest germination of acorns. The contribu-
tion of large advance oak reproduction was very small, due
to the very low numbers present before harvest.
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THE USE OF SOIL SCARIFICATION TO ENHANCE OAK
REGENERATION IN A MIXED-OAK BOTTOMLAND

FOREST OF SOUTHERN ILLINOIS

John M. Lhotka and James J. Zaczekl

Abstract-The purpose of the study was to investigate whether soil scarification
following seed fall can be used to increase the density of oak regeneration in a mixed-oak
stand. The study area was a 4.5-hectare stand dominated by cherrybark oak (Quercus
pagoda Eli.).  The understory had a high percent cover of poison ivy (Toxicodendron
radicans  (L.) Kuntze) and essentially lacked oak advance regeneration. In November 1999,
the scarification treatment was accomplished using a tractor with a pull-behind field disk.
One growing season after scarification, the number of oak seedlings was significantly
higher in scarified plots (7,243Iha)  than in the control plots (453/ha).  Percent cover of
poison ivy decreased from 36 percent to12 percent in the scarified plots. These results
suggest that, in the presence of abundant acorns, scarification increased the likelihood of
oak germination in a stand that lacked advanced oak regeneration prior to the treatment.
Finally, because scarification increased the density of oak seedlings, it will increase the
likelihood that mixed-oak stands can be successfully regenerated after a canopy distur-
b a n c e .

INTRODUCTION
It is well documented that in order to regenerate oak stands
a  su f f i c ien t  amount  o f  compet i t i ve  advance  regenera t ion
must  be  p resen t  be fo re  a  harves t  (Crow 1988 ,  Johnson
and others 1989, Meadows and Stanturf  1997, Zaczek and
others  1997,  Larsen and Johnson 1998) .  Unders to ry
t rea tments  such  as  mechan ica l  remova l  and  chemica l
cont ro l  o f  compet i t ion  have been proposed to  increase oak
es tab l i shment  and  g rowth  in  bo t tomland  oak  fo res ts  (Crow
1988, Johnson and others 1989, Loftis  1990, Nowacki and
others  1990,  Bundy  and o thers  1991,  Nowack i  and  Abrams
1992, Zaczek and others 1997). Soil scarification is one
other treatment that has been proposed (Scholz  1959,
Bundy and o thers  1984,  Crow 1988,  Johnson and o thers
1989, Barry and Nix 1992, Zaczek and others 1997). Soil
scar i f i ca t ion  may he lp  to  p rov ide  favorab le  germina t ion
cond i t ions  fo r  acorns ,  p ro tec t ion  f rom preda to rs ,  and
con t ro l  compet i t i on  (Crow 1988 ,  Zaczek  and  o thers  1997)
and there fore  increase the  l i ke l ihood o f  germinat ion  and
deve lopment  in to  a  v igorous seed l ing .

So i l  scar i f i ca t ion  may inc rease acorn  germina t ion  and
survival by incorporating the acorns into the soil (Zaczek
and o thers  1997,  Lhotka  2001) .  Acorn  germinat ion  cond i -
tions have been shown to be more favorable below the soil
surface than on the soil surface (Griffen 1971, Janzen
1971). In addition, acorns buried below the surface have
been shown to  be  less  suscept ib le  to  an ima l  damage
(Auchmoody and others 1994, Nilsson  and others 1996). It
is important to provide this protection because of high
acorn  predat ion  ra tes  (Auchmoody and o thers  1994,
S te iner  1995) .  Because  scar i f i ca t ion  he lps  to  incorpora te
acorns below the surface, it may increase the chances that
an acorn will germinate and develop into a vigorous

seed l ing .  Scar i f i ca t ion  may a lso  he lp  con t ro l  compet ing
vegetation. With a decrease in competing vegetation, newly
es tab l i shed  seed l ings  may  ga in  a  be t te r  compet i t i ve
pos i t ion  and  have  an  inc reased  chance  fo r  success fu l
deve lopment .

The purpose of the study was to investigate whether soil
scarification, in the presence of abundant acorns, can be
used to enhance oak regeneration in a mixed-oak bottom-
land forest. This paper reports the germination and survival
of oak regeneration one year after soil scarification.

METHODOLOGY
The study was conducted in a 4.5-hectare  mixed oak-
hickory bottomland forest stand located in Saline County,
Illinois. The overstory was composed of cherrybark oak
(Quercus pagoda Eli.),  shagbark hickory (Cava  ova& [Mill.]
K. Koch), mockernut hickory (Carya  fomentosa  [Poir.] Nutt.),
and post oak (Quercus sfellata  Wang.). The understory was
dominated by a thick blanket of poison ivy (Toxicodendron
radicans [L.] Kuntze) and essentially lacked advanced oak
reproduct ion.

Prior to scarification, eight linear transects to receive
scarification were laid out within the stand. A total of fifty
1.77 m*  plots were located along the center of the transects
to measure existing vegetation. An additional fifty 1 m
quadrats  were located along the transects to measure the
number of acorns and hickory nuts present prior to treat-
ment. Unscarified control plots were paired with each
scarified plot and were located 3.8 m from the center of the
scarified transects (figure 1). The plots were allocated
proportionally according to the length of the transect. All
trees < 1.5 m in height were measured to the nearest 0.1
m. Percent cover of vine and shrub species were also

‘Graduate Research Assistant and Assistant Professor; Department of Forestry, Southern Illinois University at Carbondale; Carbondale, IL
6 2 9 0 1

Ci ta t ion  fo r  p roceed ings :  Outcalt,  K e n n e t h  W . ,  e d .  2 0 0 2 .  P r o c e e d i n g s  o f  t h e  e l e v e n t h  b i e n n i a l  s o u t h e r n  s i l v i c u l t u r a l  r e s e a r c h  c o n f e r e n c e .
Gen. Tech. Rep. SRS-48. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 622 p.

401



Table l-The density (number per ha) of viable seeds by Table P-Tree Seedlings densities (stems per ha) by
treatment and species group species, inventory date, and treatment

Species Density of Viable Seeds
Cont ro l Scarified

Al l  Oaks” 47,466 56,399
Hickoryb 9 3 2 1,598

a All Oaks include: Quercus bicolor Willd.,  Quercus michauxii
NM.,  Quercus macrocarpa Michx., Quercus pagoda Eli., Quercus
s t e l l a t a  Wang.
b Hickory includes: Carya ovata (Mill.) K. Koch., Carya tomentosa
(Poir.) Nutt.

measured at that time. The acorn crop was measured by
using 1 m*  plots placed directly adjacent to the center of
each vegetation plot. At each acorn plot, acorns were tallied
by species and a sample was collected to test for germina-
t i o n  s u c c e s s .

Scar i f i ca t ion  was  comple ted  on  November  5 ,  1999  us ing
an International 464 tractor with an international 122 disk.
The disk was approximately 2.44-meters  wide. This
International 122 is a standard-type field implement with
rolling metal disks that help to penetrate the soil and mix
the upper soil layer. Because the ground was very dry, the
area  was  scar i f i ed  by  mak ing  th ree  passes  ac ross  the
transects with the disk. The paired control plots were left
undis turbed.

The overstory inventory was conducted in May 2000 using
twenty 7.98 m radius plots. All trees >1.5  m in height and
c9 cm DBH were measured. A relative importance value
was then calculated for each species (Cottam  and Curtis
1956). At each overstory plot,a  25 m2  plot was used to
measure all trees cl.5  m in height and less than 9 cm at
D B H .

Species

Al l
Oaks ”

Pret reatment October  2000
Stems per  ha Stems per ha

C o n t r o l  S c a r i f i e dControl Scarified

5 6 6 4 5 3 4 5 3 7,243*

Acceptab le
Hardwoodsb 3,778 5,206 4,640 10,072’

*indicates significant difference between treatments at alpha =
0 . 0 5
a A l l  Oaks  inc lude :  Q u e r c u s  p a g o d a  Eli., Quercus  stellata  Wang.
b Acceptable Hardwoods include: Carya ovata (Mill.) K. Koch.,
Carya tomentosa (Poir.) NM.,  Comus racemosa Lam., Diospyros
virginiana L., Fraxinus pennsylvanica Marsh., Ulmus  americana
L.)(American elm), red elm, (Liquidambar styraciftua  L., Nyssa
sy/vatica  Marsh.) frunus  serotina Ehrh., Sassafras albidum (Nutt.)
Nees, Ulmus  alata  Mic

In  Oc tober  2000 ,  unders to ry  vege ta t ion  was  measured
along transects using fifty randomly located 1.77 m2  radius
paired plots to reflect first year survival. The number of
s tems  was  summar i zed  in to  fou r  spec ies  g roups  (A l l  Oaks ,
Acceptab le  Hardwoods ,  To ta l  T ree  Seed l ings ,  and  Po ison
Ivy) .  The pre t rea tment  acorn  number  and regenera t ion
density by species for each inventory were analyzed by
using one-way analysis of variance (ANOVA) at an alpha =
0.05 to test for differences between the control and
sca r i f i ed  t rea tmen ts .

RESULTS
The s tand  had  a  m ixed  bo t tomland  oak-h ickory  compos i -
tion with a basal area of 28 m2/  haand  a density of 365
stems / ha. The dominant overstory species were
cherrybark oak, shagbark hickory, mockernut hickory, and
post oak. Other species did not exceed 2.0 in importance
value. The stand had a very sparse midstory  canopy

Scarified
Plots

Scarified Transect

. . . . . . . . .0. . .

0 “““““““““”
Control

2.44111 Plots

Figure l-Paired plot sampling design for understory vegetation inventory
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stratum and was comprised of only 280 total stems/ha. Of
these  s tems,  57  percen t  were  g reen  ash  (Frax inus
pennsylvanica  Marsh.) and 21 percent were hickories
(Cva  spp.).

The prescar i f i ca t ion  vegeta t ion  inven tor ies  and  acorn
coun ts  showed no  s ign i f i can t  d i f fe rence  be tween  the
control and scarified plots. The number of acorns (F = 0.50,
p = 0.4792, df = 1,99)  (table 1) and the number of total
seedlings (F = 0.25, p = 0.6167, df = 1,99)  were not
significantly different between the control and scarified
plots (table 2). The number of acceptable hardwoods in the
scarified plots was also not significantly different (F = 0.36,
p = 0.5506, df = 1,99)  than the number in the control. The
height distribution prior to treatment was spread across all
height classes, but an increased frequency occurred in the
classes shorter than 85cm. Also in the understory, the
poison ivy cover was also not significantly different (F =
0.10, p = 0.7570, df = 1,99)  between the control and
scar i f i ed  p lo ts .

One year after treatment, the scarified plots had a higher
seedling density than the control (table 2). The oaks,
especially, had higher densities in the scarified plots. This
large increase in oak in the scarified plots was related to
increased germinat ion  ra tes .  The germinat ion  percentage
of viable acorns found in the scarified plots was 9 percent,
while in the control plots the percent germination was near
zero. As a result of the new germinants, the number of oaks
was significantly higher (F = 14.96, p = 0.0002, df = 1,99)  in
the scarified plots than in the control plots. In addition, the
number  o f  accep tab le  hardwood spec ies  was  s ign i f i can t l y
higher in the scarified plots. One year after treatment, the
oaks composed 42 percent of all seedlings in the scarified
plots, but only made up 9 percent of all seedling in the
control. Unlike tree seedling density, the percent cover of
poison ivy was significantly lower (F = 26.43, p = 0.0001, df
= 1.99) in the scarified plots (12 percent) than in the control
plots (36 percent).

Scarified plots also had fewer large seedlings than the
control plots. In the control plots, 1,697 stems / ha occupied
the height classes z 44 cm and 2,490 stems / ha were
present in the lower two height classes (O-24 cm, 25-44
cm) and these stems were mostly green ash. Oaks only
accounted for 14 percent of the total stems in the lower two
height classes and only 7 percent of the total stems > 44
cm in height in the control plots. Unlike the control plots, the
scarified plots only had 339 stems/ha (2 percent of total)
present in the height classes greater than 44 cm. Ninety-
eight percent of the seedlings in the scarified plots were
less than 44 cm in height and 86 percent of the total stems
are less than 25 cm in height. In the scarified plots, oaks
accounted for 48 percent of all species in the O-24 cm
height class and no oaks are greater than 24.cm  in height.

DISCUSSION
The scar i f i ca t ion  apparent ly  enhanced acorn  germinat ion
even under severe predation pressure. Of the potentially
viable acorns remaining at the time of scarification, the
germination percentage in the scarified plots was 9
percent, while the control plots had no new germinants.
A l though the  germinat ion  percentage in  the  scar i f ied  p lo ts

was  somewhat  low,  even  a  sma l l  i nc rease  in  germina t ion
percentage resu l ted  in  g reat ly  increased numbers  o f  oak
recruits and the overall pool of advanced regeneration.

Past soil scarification research had similar early results to
this study. A project conducted by Scholz  (1959) used a
disking method to improve the initial establishment of
northern red oak. After the first year, the study showed an
increase in northern red oak densities in the disk plots. In
addition, a study conducted by Zaczek and others in 1997
found that higher proportions of acorns germinated in the
scarified plots (28 percent) than in the control plots (2
percent). In addition, a significantly greater number of
northern red oak and a lower number of red maple were
found on the scarified plots when compared to the control
plots. The current study had similar trends to what was
initially found in the aforementioned studies, but the current
s tudy ’s  acorn  germina t ion  percen tages  were  no t  as  h igh
as found in Zaczek and others (1997). However, it is difficult
to strictly compare the studies because they were not
conduc ted  in  same reg ion ,  the  same spec ies  were  no t
involved, predation pressure varied, and the stands did not
have  the  same env i ronmenta l  cond i t ions .

In  add i t ion  to  enhanc ing  germina t ion ,  the  scar i f i ca t ion
treatment also played a role in reducing the poison ivy
cover in the understory. The reduced competition should
f ree  up  resources  necessary  fo r  enhanced oak  seed l ing
growth.

The results after one year of this study look promising. The
understory condition was more favorable than prior to
scarification as scarified plots had more oak advanced
regenerat ion present .  Wi th  regard to  seed l ing he ight
distribution, it also appeared the oaks made up a favorable
proportion of the regeneration cohort present one year after
scar i f i ca t ion .  Because  oak  made up  a  more  favorab le
proportion of the stems in the understory and did not have
an over abundance of larger seedlings to compete with, the
stand was in a better condition to be regenerated. One well
accepted guideline about regenerating oak is that to
ensure  success  la rge  compet i t i ve  advanced regenera t ion
must be present in the understory prior to harvest (Crow
1988,  Johnson and o thers  1989,  Meadows and Stanturf
1997,  Zaczek  and o thers  1997,  Larsen and Johnson 1998) .
It appears that the scarification has resulted in greater
numbers  o f  oak  seed l ings  in  an  enhanced  compet i t i ve
pos i t ion.

However, the oak seedlings present in the understory do
no t  guaran tee  success fu l  regenera t ion .  Many  fac to rs  a re
important to consider to ensure the future development
of the regeneration currently present in the understory. An
important factor controlling the survival of these seedlings
is the understory light levels (Crow 1988, Nowacki and
Abrams 1992) as cherrybark oak and post oak are intoler-
an t  o f  shade (Kr inard  1990,  S t ransky  1990) .  Compet ing
vegetation may also play a role in impacting the growth
of the newly establish oak seedling reproduction. If oak
growth is not rapid enough to extend above the competition,
a regrowth of poison ivy over time may retard the
deve lopment  o f  these  newly  es tab l i shed  seed l ings .
L ikewise ,  repea ted  deer  b rows ing  may  have  a  nega t i ve
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impac t  on  these  newly  es tab l i shed  seed l ings  (Lor imer
1993) .

We suggest that manipulation of the midstory  or overstory
is likely necessary to alleviate some of the problems
created by low light levels (Janzen  and Hodges 1985, Loftis
1990). Without a release, the seedlings present will most
likely not survive and leaving the stand in a condition
similar to what was seen prior to the scarification treat-
ment. However, even a release treatment does not guaran-
tee the survival of this newly established regeneration
cohor t .

CONCLUSIONS
The purpose of this study was to determine the effects of
sha l low so i l  scar i f i ca t ion ,  in  the  p resence o f  abundant
acorns, on the germination and first year survival in a
mixed-oak bottomland forest. One year after treatment, the
number of oaks was significantly greater in the scarified
plots than in the control plots. The results suggest that the
so i l  sca r i f i ca t ion  t rea tment  method  used  c rea ted  more
favorab le  cond i t ions  fo r  inc reased acorn  germinat ion  and
oak seedling survival. The results gained from this study
not only extend the knowledge of soil scarification as a tool
to  enhanc ing  oak  seed l ing  reproduc t ion ,  bu t  a lso  suggest
that this silvicultural treatment may be a useful manage-
ment  too l  when app l ied  in  bo t tomland  oak  s tands .
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PREPLANTING  SITE TREATMENTS AND NATURAL
INVASION OF TREE SPECIES ONTO FORMER

AGRICULTURAL FIELDS AT THE TENSAS  RIVER
NATIONAL WILDLIFE REFUGE, LOUISIANA

John W. McCoy, Bobby D. Keeland,  Brian Roy Lockhart,
and Thomas Dean’

Abstract-As part of a study of oak planting techniques for bottomland hardwood
afforestation we examined the natural invasion of woody species onto former agricultural
fields at Tensas River National Wildlife Refuge. Three replications of 14 treatments were
established as 0.4 hectare (1 acre) plots in a complete randomized block design. Combina-
tions of these treatments were used to examine the effects of disking and distance from
existing forest edges on natural invasions of woody species. Each one-acre plot was
sampled with 4 subplots, 100 m*  each, for all seedlings greater than 0.3 meters in height. A
total of 18 woody species, dominated by elm(U/mus sp.) (41 percent), ash(Fraxinus
pennsylvatica) (25 percent), and sugarberry(Ce/fis  laevigafa)  (21 percent), and with lower
frequencies of honey locust(Gleditsia  fricanthos),  deciduous holly(//ex decidua),
persimmon(Diospyros  virginiana),  hawthorn(Crataegus  sp.), sweetgum(l iquidambar
sfyricifba),  and black willow(Salix  nigra),  were noted. The treatment with little or no
disturbance, no till, had more individuals (814.6/ha  or 3258/ac)  than the strip
disked(SD)(643.7/ha  or 257.5/ac)  or disked(DD)(380,2/ha  or 152.l/ac)  treatments. These
differences in invasion rates may have been related to several aspects of disking. Disking
may eliminate existing agricultural rows and furrows reducing microtopographic variation,
bury seeds too deeply, or expose seeds to drying. Distance from the forest edge also
affected invasion rates with an average of 1038.8 individuals per ha (415Hac)  between
129 - 259m,  635.l /ha  (254.O/ac)  between 260 - 406 m, and 301.3/ha  (120.5/ac)  at greater
than 406 m. The nearest mature forest edge was 129 m distant. Woody invaders were
found up to 640 m from the nearest forest edge. Although factors such as soil type,
herbivory, and moisture influence the woody plant species found in these fields, initial
disturbance and distance from the forest edge was shown to be important factors
determining natural invasion success.

INTRODUCTION
Reestablishment of bottomland hardwood (BLH) forests
throughout the Lower Mississippi River Valley (LMRV)  has
increased in the last 10 years. Interest in replanting BLH
fores ts  to  agr i cu l tu ra l  f i e lds  a r i ses  f rom inc reased  land
ava i lab i l i t y  assoc ia ted  w i th  dec reased  fa rm p roduc ts
income and the  unders tand ing  tha t  on ly  a  smal l  amount
(2.8 million ha) of historical (10 million ha) bottomland
hardwoods  rema in  in  the  LMRV (Nat iona l  Research
Council 1982; Hefner & Brown 1985). Over the past 10
years  77 ,698  hec ta res  were  p lan ted  to  BLH spec ies  in
Arkansas, Louisiana and Mississippi by the U.S. Fish &
Wildlife Service, the U.S. Army Corps of Engineers, the
Natu ra l  Resources  Conserva t ion  Serv ice ,  the  Arkansas
Game and  F ish  Commiss ion ,  the  Lou is iana  Depar tment  o f
Wildlife and Fisheries and the Mississippi Department of
Wildlife Fisheries and Parks. More land (89,009 ha) is
expected to be planted over the next five years by these
same agencies (King and Keeland  1999).

Initially the main focus of these plantings was the
es tab l i shment  o f  ha rd  mas t  spec ies  such  as  oaks  and
pecan with the expectation that light seeded species
would invade naturally. Most stands were reforested to
provide habitat for game species, but recently, land
managers  have rea l ized tha t  main ta in ing  a  d iverse p lant
community is important to mammals and birds that live all
or part of their lives in bottomland hardwoods (Daniel and
Fleet, 1999). This realization has shifted the focus of
reforestation efforts to include the planting of many
additional tree species such as ash, sugarberry,
sweetgum  and baldcypress (King and Keeland  1999).
But, the role that natural invasion will provide for increased
diversity and structural complexity remains to be
understood. Questions as to the extent that natural
invasion can be counted on to provide additional species
and increase the tree diversity and structural complexity of
the  deve lop ing s tands remain  unanswered.
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Figure l-Photograph of the Tensas  River NWR study area (1995) showing the one-acre
plots outlined by 10 m wide buffer strips. Forest edges for possible sources of seedlings
are noted. Extended study fields are are part of a subsequent year study that are yet to be
counted. North is to the top of the photograph.

In 1993 a reforestation study was jointly developed be-
tween the U.S. Fish & Wildlife Service, the Louisiana
Department of Wildlife & Fisheries and the School of
Forestry, Wildlife and Fisheries at Louisiana State Univer-
sity. The purpose of the study was to examine the estab-
l i shment ,  su rv iva l  and  g rowth  responses  o f  se lec ted  oak
spec ies  to  severa l  p lan t ing  techn iques .  Over  t ime add i -
tional woody species invaded the study plots and provided
another aspect to the study. The purpose of this portion of
the overall study is to examine the natural invasion of
woody  spec ies  on to  these  re fo res ted  a reas  to  de te rmine  i f
the planting techniques (for the oaks) affected invasion
ra tes .

METHODS
The study was conducted on the Tensas  River National
Wildlife Refuge (Tensas  NWR) in northeastern Louisiana.
The only topographic relief on the site consists of an old
levee of the Tensas  River. The levee runs east/west through
the study area and is about 1 to 3 meters higher than the
surrounding floodplain. Tensas  soils, very deep, somewhat
poorly drained, very slowly permeable, are found on the
levee while Sharkey clay soils, very deep, poorly and very
poorly drained, very slowly permeable, are found on the
sur round ing  f loodp la in .  The  s tudy  a rea ,  wh ich  was  fa l low
for less than one year before planting, was divided into one
acre study plots (figure 1). Treatments were assigned as a
randomized  comple te  b lock  des ign  invo lv ing  s ix  d i rec t
seed ing  t rea tments  as  fo l l ows :  (1 )  doub le  d isk ,  max imerge
direct seed (DD); (2) double disk, maximerge direct seed,
roll (DR); (3) strip disk, maximerge direct seed (SD); (4) no
till, maximerge direct seed (NT); (5) single disk, cyclone
direct seed, single disk (CS); (6) single disk, cyclone direct
seed, single disk, roll (CR). The plots were direct seeded
during the fall (October 1993) and spring (March 1994). Two

oak species were planted, Nuttall  (Quercus  texana)  and
water oaks (Q. nigra),  with one species per plot.

Two add i t iona l  t rea tments  (hand and mach ine p lan t ing  o f
bare- roo t  seed l ings)  were  in i t ia ted  December  1993.  Each
of the 14 treatments was replicated three times for each
species producing a total of 84 treatment plots.

F ie lds  were  no t  bushhogged,  bu t  d isk ing  fo r  se lec ted
t rea tments  was  accompl i shed  in  Sep tember  1993 .  Fa l l
t rea tments  were  p lan ted  in  Oc tober  and  spr ing  t rea tments
were planted in March 1994. All post-planting disking
assoc ia ted  w i th  cyc lone  d i rec t  seed ing  was  accomp l i shed
immedia te ly  a f te r  p lan t ing .  Seed and seed l ings  were  kept
ch i l led  be fore  p lan t ing  (persona l  communica t ion  John
Simpson, USFWS Tensas  River NWR).

Each of the 84 one-acre study plots was sampled during
November 1999 using 4 circular subplots, 100 m*  each,
established 20 m in toward the center from the corners of
each field. All woody species greater than 0.3m  in height
was ta l l i ed  f rom each  subp lo t .  Sap l ings  were  ca tegor ized
by height into the following classes: (1) r 0.3 to < 0.5 m, (2)
>0.5to<1.0m,(3)>1.0to<1.4m,(4)r1.4metersto<
2.5 cm diameter at breast height (DBH, at 1.4 m) and (5) all
trees > 2.54 cm DBH.  Diameters were recorded only for
those trees greater than 2.5 cm DBH.

Data on other woody perennial species such as Sabal
minor  (pa lmet to )  was  no ted  dur ing  the  sampl ing .  The
dominant  herbaceous  spec ies  were  no ted  fo r  each  p lo t ,
bu t  a  comple te  census  o f  the  herbaceous  vege ta t ion  was
not attempted. Data were analyzed by ANOVA using JMP
(SAS 1988) .
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RESULTS AND DISCUSSION

Species Summary
A total of 4,496 individuals of 18 woody plant species,
including the oaks, was observed on the plots (table 1).
Average stem density across all plots was 541.9/ha  (219.4
/ac)  for invaders and 781.6/ha  (316.4 /ac)  for planted oaks.
The presence of Nuttall  oak, water oak on some plots
where these species were not planted, and the presence of
some willow oak (Q. phellos)  on more than half the
subp lo ts  sugges ts  a  poss ib i l i t y  o f  acorn  o r  seed l ing
contamination at the time of planting. Willow oak was not
one of the oak components.

Exclusive of the oaks, 1,821 stems were counted in all
subplots, with three species groups dominating; elms
(Ulmus  ala&,  U.  Americana, and U.  crassifolia, 231.8/ha),
ashes (Fraxinus  pennsylvafica,  132.4/ha),  and sugarberry
(Celfis  laevigafa,  109.!Yha).  These three species ac-
counted for 85.1 percent of all naturally invading saplings
encountered in the study. Frequency on subplots were 90.5,
61.9, and 86.9 percents for elm, ash, and sugarberry,
respectively. These data show that not only were elms, ash,
and sugarberry the most numerous species, but that they
occurred on the greatest proportion of the plots. Elms and
sugarberry were the most ubiquitous. Honey locust
(Gledifsia  fricanfhos) and deciduous holly (llex decidua)
was also common, occurring on 30 and 36 percent of the
plots, respectively. Although most species were fairly evenly
d is t r i bu ted  among and  w i th in  p lo ts ,  two  spec ies ,  haw-
thorns (Crafaegus sp.), and persimmons (Diospyros
vi rg in iana) ,  exh ib i ted  c lumped d is t r ibu t ions .  Sugarber ry
occurred in 47 percent of the plots and in 25 percent of the
subplots as the only woody invader species. In general,
those plots with sugarberry as the only woody invader were
the furthest plots from the nearest forest edge. Elms occur
in 72 percent of all subplots but never occurred without
o ther  t ree  spec ies  w i th in  a  subp lo t .  These  occur rences  a re
linked to distance but are also to related to soil type and
herbaceous communities. Many of the dominant herba-
ceous  p lan ts  ac t  as  perches  fo r  sma l l  songb i rds  and  as
such  may  he lp  p romote  inc reased  woody  spec ies  dens i t y
and  d ive rs i t y .  These  same herbaceous  p lan ts  may  a lso  ac t
as cover for rodents that feed on the seeds and seedlings.

Species Diversity
A total of 18 woody plant species invaded onto the study
plots. The number of species may have been greater, but,
due to the number of volunteers helping on the project, no
attempt was made to identity hawthorns, or wild cherry to
species. In addition, 31 elm saplings were listed as elm
sp. on the data sheets. Forty two percent of the species,
inc lud ing boxe lder ,  red  maple ,  swamp dogwood,
swee tgum,  swamp co t tonwood ,  sa l t bush ,  wa te r  h i cko ry ,
and wild cherry make up only 3.6 percent of the saplings
coun ted .  The  mos t  abundan t  spec ies ,  sugarber ry ,  ash ,  and
elms, make up 82.1 percent of the total number of individu-
als counted but are only 22.2 percent of the individual
spec ies  rep resen ted  w i th in  th i s  s tudy .

On average, 541.9 saplings/ha (219.4 /ac)  were counted on
the subplots. Twelve percent of all subplots at greater than
335 m from a forest edge did not have any invaders, but

none of the one-acre plots were lacking natural invaders. In
a previous study, where all tree seedlings were recorded,
several 100 m*  plots were empty (Allen and others, 1998).
The proximity of these fields to a forest edge was a stron-
ger influence on natural invasion rates than treatment
effects (p < .OOOl).  Several seedlings less than 30 cm were
observed on many plots but were not counted as part of
this study. It is probably that many more seedlings less
than 30 cm tall were present but not counted.

All species encountered in this study, excluding the Prunus
spp., are facultative to obligate wetland plants. Survival and
growth of some species may have been affected by much
less  than average ra in fa l l  dur ing  the  growing seasons o f
1998 and 1999.

Herbaceous Vegetation
The herbaceous layer generally consisted of a mixture of
herbs, grasses and vines similar to that reported by Allen
and others ,  (1998) .  Mos t  p lo ts  were  domina ted  by  one
species or a combination of two to four species. Dominant
herbaceous vegetation included Solidago  sp. (24.0 percent
relative frequency), Lyfhrum salicare  (21.3 percent),
Campsis  radicans (12.7 percent), Sorgham halapense  (8.0
percent), and Andropogon glomerafus  (7.14 percent).
Severa l  o ther  re la t i ve ly  uncommon spec ies  no ted  on  the
plots included Eupaforium spp., Verbena brasilensis,  and
Aster spp. Lyfhrum salicare was the only observed species
considered to be a noxious weed (Kartez, 1999).

Although some plants common to very wet areas, such as
Iva annua and Juncus effusis,  were found on the plots, their
abundance may have  been much less  than  i s  norma l  fo r
this area. The drought of 1998 and 1999 (figure 2) caused
many wet areas to dry out completely and probably had an
impact on the herbaceous vegetation. It is possible that
wet-site species may have been more abundant if the study
has been conducted during a wetter time.

A l though many areas  were  dominated  by  dense mats  o f
vines such as Rubus  sp., Campsis  radicans and Smilax
sp . ,  t hese  mats  were  genera l l y  sma l l  when  compared  w i th
the plots size and were dispersed throughout the field.
Other  v ines  such  as  pepperv ine  (Ampleops is  arborea)  and
grape (Vifis  sp.) occurred sparingly within the fields.

Treatment Effects on Natural Invasion
Soil disturbance in the form of disking has been shown to
have a significant effect on natural invasion rates (Allen and
others 1998). In that study disking was shown to have a
negative effect on the numbers of woody plants invading
the plots. The effect of disking, however, appears to
decrease through time(McCoy 1998). In the current study
there  were  g rea te r  numbers  o f  some spec ies ,  espec ia l l y
the elms, on plots that had received little or no disking (SD
or NT), but the effect was not significant when this study
was sampled, at the end of the 6th growing season. None
of the other silvicultural treatments examined in this study
affected the rates of natural invasion by woody species.
However, specific treatments that were positive for success
of oaks were generally negative for the success of natural
invaders .
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Table l-Mean number of stems/ha by size class and species. Size classes are: Class 1- > 30 to c 50, Class 2-  >
50 to < 100, Class 3- > 100 to < 140, Class 4- > 140 to < 2.5 cm diameter at 140 cm height (DBH), Class 5-  > 2.5
cm DBH. Frequency and stem densities are given for all size classes combined.

Species

C L A S S - Frequency- - Stems-

1 2 3 4 5 Abs . Rel. Total per I ha

Box Elder 0.0 0 . 3 0.0 0 . 3 0.0 2 . 0

Red Map le 0 . 3 2 . 7 0.9 0 . 0 0.0 1 0 . 0

Bacchar i s 0 . 0 0 . 0 0.0 3 . 6 0.0 6 . 0

Wate r  H i cko ry 0 . 0 0 . 0 2 . 4 0 . 3 0.9 6 . 0

Sugarberry 3 . 6 5 1 . 2 3 3 . 9 2 0 . 5 0 . 3 7 3 . 0

Swamp Dogwood 0 . 0 0 . 3 0 . 0 0 . 0 0 . 0 1 . 0

Hawthorn 1 . 5 3 . 9 0 . 6 0 . 6 0 . 0 1 4 . 0

P e r s i m m o n 0 . 0 1 . 8 1 . 8 5.1 0 . 3 1 0 . 0

A s h 0 . 0 8 . 6 3 0 . 7 8 9 . 3 3 . 9 5 2 . 0

Honey - locus t 0 . 0 1 . 5 2.1 7 . 7 2 . 4 2 5 . 0

Dec iduous  ho l l y 2 . 4 3 . 3 2 . 7 3 . 9 0 . 0 3 0 . 0

Sweetgum 2 . 4 2 . 4 0 . 9 0 . 3 0 . 0 1 9 . 0

Swamp co t tonwood 0 . 0 0 . 0 0 . 0 5 . 3 0 . 6 6 . 0

Wi ld  cher ry 0 . 0 0 . 0 0 . 0 0 . 0 0 . 3 1 . 0

B lack  w i l l ow 0 . 0 0 . 0 0 . 0 8 . 9 2.1 7 . 0

E l m s 6 4 . 0 1 2 6 . 0 2 7 . 8 4 . 8 0 . 9 7 6 . 0

2 . 4

1 1 . 9

7.1

7.1

86.9

1 . 2

1 6 . 7

1 1 . 9

6 1 . 9

2 9 . 8

3 5 . 7

2 2 . 6

7.1

1 . 2

8 . 3

90.5

2 . 0

1 3 . 0

1 2 . 0

1 2 . 0

3 6 8 . 0

1 . 0

2 2 . 0

3 0 . 0

4 4 5 . 0

4 6 . 0

41 .o

2 0 . 0

6 . 0

1 .o

2 2 . 0

7 7 9 . 0

0 . 6

3 . 9

3 . 6

3 . 6

1 0 9 . 5

0 . 3

6 . 5

8 . 9

1 3 2 . 4

1 3 . 7

1 2 . 2

5 . 9

1 . 8

0 . 3

6 . 5

2 3 1 . 8

Total invaders 7 4 . 2 2 0 2 . 0 1 0 3 . 8 1 4 9 . 0 1 1 . 6 8 4 . 0 1 0 0 . 0 1821 .0 5 4 1 . 9

Oaks 9 9 . 0 3 1 0 . 0 1 8 6 . 0 1 8 2 . 0 3 . 0 8 4 . 0 1 0 0 . 0 2626 .0 7 8 1 . 5
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Soils and elevation can also effect the establishment of
tree species in old fields. In this study, greater numbers of
sugarberry was found on the Tensas  soil type along the
natural levee of the Tensas  River(p = 0.0458).

Distance From Forest Edge / Seed Source
Distance from the nearby forest edge has been shown to
have a significant effect on invasion rates (Allen and others
1998). A comprehensive analysis of the effects of distance
on invasion rates is not possible in this study as no plots
were closer than 129 m from the nearest forest edge and
the subplot furthest from the forest edge was at a distance
of 640 meters. We did, however, observe that the number of
a l l  i nvad ing  spec ies  dec l ined  w i th  inc reas ing  d is tance  f rom
the forest. Distances by quartiles (25, 50, and 25 percent of
the individuals) showed 1038.8 individuals per ha (415.2/
ac) between 129 - 259m,  635l/ha  (254.0/ac)  between 260
- 406 m, and 301.3/ha  (120Yac)  at greater than 406 m.
The numbers of subplots at each of the three distance
regimes above were 45, 148, and 143.

General patterns of dispersal with distance, however,
indicate differences for light versus heavy seeded species.
Most (55.2 percent) light seeded species such as elms,
ash ,  swee tgum,  red  map le ,  box  e lde r ,  swamp co t tonwood ,
and black willow occurred within 259 meters of the edge.
Heavy seeded species seemed to follow one of two
patterns. Species with the largest seeds, those usually

transported by mammals, were typically found near the
fo res t  edge .  Th is  i nc luded  spec ies  such  as  honey locus t
and  pers immon.  Severa l  spec ies  such  as  sugarber ry ,
dec iduous ho l l y  and hawthorns ,  usua l ly  t ranspor ted  by
birds, were often found at greater average distances from
the forest edge. Dispersal distances to be expected for any
seed depends as  much on  the  po ten t ia l  an ima ls  feed ing
on  the  seeds  as  on  the  seeds  themse lves  (Johnson  and
others, 1985). However, soil type and therefore herbaceous
commun i t i es  assoc ia ted  w i th  t hese  so i l s  d i f f e r  w i t h
distance from the existing forest edge and could affect
an ima l  and b i rd  use  and seed l ing  es tab l i shment  ra tes .

Height classes and dbh
Overall, 51 percent of the saplings were less than 100
centimeters in height (table 1). The size class with the
grea tes t  number  o f  sap l ings  was  50-100  cm w i th  37 .3
percent of all natural invaders. At the end of six growing
seasons half the saplings were still at or below the
average he igh t  o f  ex is t ing  herbaceous vegeta t ion  and
difficult to see at a casual glance. This makes the evalua-
t i on  o f  a f fo res ta t ion  success  hard  to  measure  and  suscep-
tible to seedling count errors. Even with a thorough search
of the study subplots it is possible that some existing
sap l ings  were  not  observed or  counted.

The short height of so many stems may be partially related
to local browsing by deer and other herbivores. Many

. _ _ _ _ . . . . _ _ . .

1993 1994 1995 1996 1997 1998 1999

Figure P-Inches of precipitation for the region of Tensas  River NWR.
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sap l ings ,  espec ia l l y  the  e lms and sugarber ry ,  had  obv i -
ous ly  been damaged by  brows ing .  The lower  than average
levels of precipitation for the years 1998 and 1999 may also
have affected the growth of many saplings (figure 2).

Only 541 saplings (29.7 percent) were in excess of 140 cm
tall, and only 2.1 percent of the trees had a measurable
d iameter  (g rea te r  than  2 .5  cen t imete rs  DBH) .  The  average
DBH of these taller saplings was 3.9 cm. Black willow had
the largest mean DBH, 4.8 cm followed by honeylocust at
4.3 cm. The only other species with substantial numbers of
stems greater than 2.5 cm DBH was ash, with an average
of 3.3 cm. These three, fast-growing species represent
72.4 percent of all stems greater than 2.5 cm DBH. The
honey locus t  sap l ing ’s  s ize  may have been a ided by
reduced brows ing  assoc ia ted  w i th  the  la rge  thorns  a l l
along the stem and branches. Honeylocust is intolerant of
shade (Burns 1990) which may help explain the lack of
shorter individuals of this species.

The d is t r ibu t ion  o f  sap l ings  among the  f i ve  he igh t  c lasses
was h igh ly  var iab le  among spec ies  ( tab le  1 ) .  Sugarber ry
s tems were  d is t r i bu ted  among a l l  s i ze  c lasses ,  bu t
perhaps  under  represen ted  in  the  sma l les t  s i ze  c lass .  Th is
may have been due to browsing. The distribution of ash
stems was skewed toward the taller size classes. The low
numbers of ash stems in the shorter size classes may not
be related to browsing as very few ash stems showed any
signs of herbivory. Of the 20 sweetgums counted in the
plots these were mostly limited to the smaller size classes,
but, again this did not seem related to browsing. Elms
domina ted  the  sma l le r  s i ze  c lasses  w i th  few  la rge  s tems .
Brows ing  was  ev iden t  on  mos t  e lm s tems and  was
probably a large factor in the observed greater numbers of
stems less than lm in height for this species.

CONCLUSIONS
Silvicultural planting treatments had little effect on the
natural invasion of woody species onto these fields.
A l though  some spec ies ,  espec ia l l y  the  e lms ,  may  be  more
numerous on plots with least disturbance (no till or strip
disking) the effects were not significant at the 0.05 confi-
dence level. The main factor affecting natural invasion rates
was distance from the nearest forest edge. The effect of
d is tance  va r ied  w i th  spec ies ,  seed  s i ze  and  d issemina t ing
agent (wind, birds, or other animals). Although the majority
(75  percen t )  o f  mos t  spec ies  w i th  w ind  d ispersed  seeds
were found within 392 m of the forest edge, some species
with bird dispersed seeds were found in the most distant
subplots, 640 m from the forest edge.

The effects of browsing on natural invasion and survival
rates are not well understood. While many species, such
as  honey locus t ,  swee tgum,  b lack  w i l l ow  and  pers immon,
appear not to have any browsing damage, other species,
such as sugarberry, elms and the planted oaks, were
heavily browsed. Browsing is probably having an effect on
the  success fu l  es tab l i shmen t  o f  many  seed l i ngs ,  bu t  i t
appears that the species most heavily browsed are the
ones invading in the greatest numbers. This level of
browsing may not have an overall detrimental effect on the

deve lop ing  woody  p lan t  commun i ty  as  i t  may  be  p romot ing
a more even species composition. .

He igh t  o f  the  herbaceous  p lan t  commun i t y  mus t  be
exp l i c i t l y  cons ide red  when  assess ing  t he  success  o f  a
reforestation effort. In this study and in Allen and others
(1998) the herbaceous vegetation was about 1 - 1.2 meters
in height. At least half the saplings were below this height
making them difficult to observe without a concerted effort.
Persons conducting an evaluation before five to six years
post planting may have difficulty finding all saplings within
the sample area.

Interactions of the different effects such as distance and
direction from existing forest edges, soil types, and
disturbance makes analysis of this data complex. Un-
known effects that further complicate the analysis includes
brows ing ,  ex is t ing  fo res t  edge  spec ies  compos i t i on ,  and
local climatic effects. However, an understanding of natural
invasions onto former agricultural fields is being refined as
more  s tud ies  a re  comple ted .
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COMPARING ALTERNATIVE SLASHING TECHNIQUES ON
A MIXED HARDWOOD FOREST: 2-YEAR  RESULTS

Donald G. Hodges, Richard M. Evans, and Wayne K. Clatterbuck’

Abstract-Regenerating commercially important species following the harvest of an
existing mixed hardwood stand requires adequate advance regeneration of the desired
species and control of competing vegetation. These objectives can be achieved by
removing the noncommercial stems before or after harvesting. This study was designed to
evaluate the efficacy of pre- and post harvest slashing alternatives and to assess cost
d i f fe rences  be tween  the  a l te rna t i ves .  F o u r  t r e a t m e n t s  ( p r e -  a n d  p o s t h a r v e s t  s l a s h i n g ,  w i t h
and without herbicide stump treatment) and a control were selected. Each treatment was
applied to a 120 feet x 120 feet plot within which measurements were taken on four l/l O-
acre subplots. Each treatment was replicated six times within the harvest area, resulting in
a total study area size of 9.9 acres. Preliminary results indicate that there was little
difference between treatments in the total number of stems.

INTRODUCTION
A pr imary  concern  in  harves t ing  mixed  hardwood s tands  in
the  cent ra l  hardwood reg ion  is  ensur ing  adequate
regenera t ion  o f  the  pre fer red  commerc ia l l y  impor tan t
species such as oak. Often competition from undesirable
trees is too great for the commercially important species to
overcome.

One means o f  enhanc ing  oak  regenera t ion  is  to  cont ro l  the
competing species by slashing either prior to or
immediately following harvest operations. Little information
is available, however, to assess the relative effectiveness of
the various slashing alternatives. Loftis  (1978, 1985)
eva lua ted  the  e f f ec t i veness  and  cos ts  assoc ia ted  w i th
preharves t  t rea tments  in  sou thern  Appa lach ian  hardwoods .
The results suggest that four years after clearcutting,
p reharves t  t rea tments  reduce  the  number  o f  s tems o f
undes i rab le  spec ies  and increase the  por t ion  o f  des i rab le
species in the stand. Ten years after clearcutting, stands
that  had  rece ived  p reharves t  t rea tments  were  domina ted  by
s ing le  s tems o f  des i rab le  spec ies  and  s tock ing  was
excellent. Stands treated after the harvest operation
conta ined  a  sma l le r  percen tage  o f  des i rab le  s tems.

The research reported by Loftis  used the postharvest
treatments as a check on the effectiveness of the
preharvest treatments. Moreover, only preharvest
treatments involved herbicide applications. The purpose of
our study was to evaluate how a stand developed after
clearcutting when a variety of pre- and postharvest
t rea tments  were  app l ied .

OBJECTIVES
The primary goal of the study was to evaluate alternative
s lash ing  techn iques  fo l low ing  harves t  in  a  mixed hardwood
forest. Specific objectives were to 1) assess the effect of
pre-  and pos t -harves t  s lash ing  and herb ic ide  s tump

t rea tment  o f  noncommerc ia l  s tems on  spec ies
composition flowing a silvicultural clearcut  and 2) compare
the costs associated with the pre- and post-harvest
t r ea tmen ts .

METHODS
The site selected for the study is located on the Oak Ridge
Forestry Experiment Station and consists of a 17-acre
watershed. Elevations in the south-facing drainage range
from 970 to 1100 feet above sea level. The harvested forest
was comprised primarily of oaks (59 percent), yellow-
poplar (Liriodendron  tul ipifera)  (14 percent), miscellaneous
hardwoods (10  percent ) ,  and p ine  (6  percent ) .

F ive  t rea tments  were  deve loped  fo rcompar ison  in  the
study:

1 Preharvest Slash only
2 Preharvest Slash with Herbicide Stump

Treatment
3 Postharvest Slash only
4 Postharvest Slash with Herbicide Stump

Treatment
5 Control.

The five treatments were applied to 120 feet x 120 feet
(0.331-acre)  plots within the watershed. This plot size was
large  enough to  d is t inqu ish  ind iv idua l  t rea tments  f rom
sur round ing  t rea tments  wh i le  a l low ing  fo r  severa l
replications within the l-/-acre study area. Each set of five
t rea tments  fo rm a  rep l i ca t ion .

The 0.331-ac  plots were located in the study site with the
northwest corner serving as the starting point. From this
point, the northwest corner of the initial plot was located
approximately 25 feet to the southeast. Subsequent
corners were located at 120-foot intervals by traveling on
lines parallel and perpendicular to the initial line. A total of
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Table l-Species distribution by treatment, all stems, 1998

Preharves t Preharves t Pos tha rves t Pos t -Ha rves t
Species S l a s h S l a s h

Herb ic ide
S l a s h Slash &

Herb ic ide
Cont ro l

Yel low-poplar 4 9 . 9 3 6 . 6 3 6 . 6 3 0 . 9 3 7 . 5
Red Map le 1 6 . 0 2 3 . 0 1 8 . 9 1 5 . 5 1 6 . 8
Whi te  Oak 2.1 2 . 8 2 . 9 2 . 6 3 . 3
Red  Oaks 2 . 3 2 . 8 2 . 2 3 . 5 1.9
Blackgum 9 . 6 7 . 5 11.8 5 . 7 6 . 5

30 plots were identified in the study site, representing 6
rep l i ca t ions .

Within each plot, four l/1000-acre subplots were
established for intensive sampling. These were located by
running a line south 13 degrees east from the northern
corner of each plot to establish the first subplot center. The
remain ing  th ree  cen te r  po in ts  were  loca ted  by  runn ing  a
60-foot  line parallel to the boundary lines.

Plots were assigned to different replications by
establishing groups of plots that were similar in terms of
species composition, density, and location. A computer-
genera ted des ign fo r  incomple te  b locks  deve loped by
Arnold Saxton  of the Tennessee Agricultural Experiment
Stations was used to assign treatments to plots.

The initial inventory was conducted on June 18-21, 1996.
The  inven to ry  i nc luded  a l l  merchan tab le  t imber  f rom 6
inches in DBH and above, with all sawtimber size
hardwoods graded. All trees were measured within the
subplots regardless of size during the last two weeks of
September 1996. Data were recorded by 1 foot height
classes up to 4 feet. Trees taller than 4 feet were classified
into less than 1.5 inches DBH or larger than 1.5 inches
DBH (exact DBH was recorded for this class).

Preharves t  s lash ing  was  conduc ted  on  the  des igna ted
plots during the first two weeks of October 1996. All stems
greater than 1 foot in height were treated. On each plot,
starting and ending times for treatment were recorded. The
number of stems cut per plot was recorded as stems

greater than or less than 1.5 inches DBH. Garlon 3A 50/50
with water and red dye was used on all noncommercial
s tumps in  the  p lo ts  des igna ted  as  p reharves t  s lash ing  and
herbicide stump treatment. Start and stop times were
recorded for herbicide application as well as the amount of
herb ic ide  used and the  number  o f  s tumps t rea ted .

The  t imber  harves t  opera t ion  was  conduc ted  f rom February
5 to April 30, 1997. Approximately 118.9 MBF (Doyle) of
hardwood sawtimber, 7.0 MBF of pine sawtimber, 29.2
cords of hardwood pulpwood, and 9.0 cords of pine
pu lpwood were removed.

Pos tharves t  s lash ing  was  conduc ted  on  the  des igna ted
plots on August 1, 1997, with start and stop times recorded
as well as the number of stems cut per plot. The stems
were categorized by DBH (less than or greater than 1.5
inches). Postharvest slashing and herbicide treatment
plots were treated on August 15, 1997. The stump
treatment consisted of Garlon 4 50150  with oil and red dye.
As with the preharvest treatments, start and stop times
were recorded for herbicide application as well as the
amount  o f  herb ic ide  used and the  number  o f  s tumps
t reated.

All subplots were remeasured two years after harvest
(summer 1998) to assess the effectiveness of the various
treatments. Similar data were collected as described
above for initial measurements of the treatment plots:
species and number of stems by height class up to 4 feet
and by diameter class of stems greater than 4 feet.

Table 2-Species distribution by treatment, stems > 4 feet, 1998”

Preharves t Preharves t  S lash Postharvest Postharvest Slash
Species S l a s h & Herb ic ide S l a s h & Herbicide

Yellow-poplar 22.8a 20.8ab 12.6~ 15.8~
Red Map le 13.la 23.0b 18.9a 15.5a
Whi te  Oak 0.2ab 0.2ab 0.6bc 0.7c

a  Similar letters represent percentages that are not significantly different at a =  0.05.

Cont ro l

14.3c
25.5a

O.la
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Table g-Average  activity by treatment

Cut t i ng
Treatment (# trees/acre)

Preharves t 9 4 8

Preharves t /Herb ic ide 1 3 8 3

Pos tha rves t 3 0 8

Pos tha rves t /Herb ic ide 4 2 6

Herb ic ide
(# trees/acre)

6 0 7

3 8 7

T i m e cost
(minu tes ) ($ /acre)

1 2 9 $25.65

3 1 0 $94.39

121 $19.69

2 1 6 $57.64

RESULTS AND DISCUSSION
The results of the two-year data suggest that the four
treatments may vary in their effects on species
compos i t i on ,  a l though  s ta t i s t i ca l  ana lys i s  revea ls  few
significant results. Table 1 depicts the total number of
stems by major species that were counted on the subplots.
Few d iscern ib le  d i f fe rences  were  iden t i f i ed  by  th is
preliminary analysis. Yellow-poplar and red maple (Acre
rubrum)  were the predominant species for all treatments
and the control plots. Oaks comprised less than 7 percent
of the stems for all treatments. Plots with herbicide
treatments (both pre- and postharvest) contained a larger
component  o f  oaks  than the  cont ro l  o r  non-herb ic ide
t rea tmen ts .

Examin ing  spec ies  compos i t ion  d i f fe rences  among the
larger stems (> 4 feet) revealed some statistically
significant differences among treatments. Table 2 lists the
percent of all stems counted for the species of primary
interest by treatment type. Preharvest treatments resulted
in a significantly larger portion of the stems being
comprised of yellow-poplar saplings. Conversely,
pos tharves t  t rea tments  con ta ined  a  s ign i f i can t l y  l a rger
percentage of large white oak saplings than the control or
p reha rves t  t rea tmen ts .

The cost results reveal that the preharvest treatments were
significantly more expensive than the post harvest
t rea tments  fo r  bo th  non-herb ic ide  and herb ic ide
alternatives (table 3). These results are similar to those
reported by Loftis  (1978) and can be explained by the level
of activity required in each plot. The work crews treated

more than 3 times as many stems in the preharvest plots
than they recorded in the postharvest plots. The harvesting
activity resulted in many of the stems in the postharvest
plots being severed before treatment was applied. As a
consequence, less work was required after harvest-which
reduced the costs considerably. Loftis  (1978) noted,
however, that an equally effective alternative could have
been employed tha t  wou ld  have reduced the  preharves t
treatment costs substantially. In the Oak Ridge study,
s im i la r  mod i f i ca t ions  in  the  t rea tmen ts  wou ld  reduce  cos ts
as well.

No conclusions can be drawn, however, regarding the cost-
effectiveness of the alternatives. Although the preliminary
resu l t s  sugges t  tha t  pos tha rves t  t rea tmen ts  have  resu l ted
in desirable species comprising a greater percentage of
the larger stems than in the preharvest treatments, it is too
early to conclude that this will continue throughout the life of
the stand. Loftis  (1985) reported that desirable stems in
p lo ts  rece iv ing  pos tharves t  t rea tments  were  beg inn ing  to
be replaced by undesirable sprouts in many instances by
year 10. If similar patterns emerge in the Oak Ridge stand,
the cost-effectiveness of the alternatives could change
significantly.
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SEVENTEEN-YEAR GROWTH OF CHERRYBARK OAK
AND LOBLOLLY PINE ON A PREVIOUSLY FARMED

Boll-OMLAND  SITE

Warren D. Devine, John C. Rennie, Allan  E. Houston,
Donald D. Tyler, and Vernon H. Reich’

Abstract-This study documents the effects of cultural treatments on 17-year growth of
cherrybark oak (Quercus  pagoda Raf.) and lobiolly  pine (finus  faeda  L.) planted on a
previously farmed bottomland site in southwestern Tennessee. Yellow-poplar (Liriodendron
fulipifera  L.) was part of the original study, but was excluded due to very high mortality in
early years. The experiment was a randomized, complete-block design located on a former
soybean field prone to occasional flooding. Cultural treatments were third-year fertilization
(nitrogen and phosphorus) as well as disking and mowing for weed control. Natural
regeneration as a means of afforestation also was investigated. Survival after 17 years
averaged 64 percent for cherrybark oak and 63 percent for loblolly pine. Mean total height
was 34.0 feet for cherrybark oak and 55.0 feet for loblolly pine. The mean diameters at
breast height (DBH) of cherrybark oak and loblolly pine were 4.1 and 10.2 inches, respec-
tively. Survival, height, and DBH of both species were not significantly affected by
fertilization, mowing, or disking, nor were there any significant interactions among the
treatments. Natural regeneration resulted in dense stands (4,340 trees per acre) dominated
by small-diameter sweetgum  (Liquidambar  sfyraciflua  L.).

INTRODUCTION
A number of studies have investigated afforestation of
abandoned agr icu l tu ra l  wet lands  in  the  Miss iss ipp i  Va l ley ,
but few studies have provided long-term results of affores-
tation  practices on these sites. A plantation in southwest
Tennessee prov ided  the  oppor tun i ty  to  observe  seventeen-
year effects of cultural treatments on a highly desirable
bot tomland hardwood spec ies  and an adapt ive  p ine  l i ke ly
to perform well on such sites.

Cos t  sha re  p rog rams  such  as  the  Conserva t i on  Reserve
Program and the  Wet land Reserve  Program have encour -
aged afforestation of farmed wetlands. The cultural
practices used on these sites to improve early growth and
to insure dominance of tree seedlings have varied. Mowing
or disking for weed control is not as common today as in
the past, but it is still important to understand the residual
e f fec ts  o f  t hese  es tab l i shmen t  p rac t i ces  on  bo t tom land
plantations. The primary objective of this study was to
determine the suitability of cherrybark oak and loblolly pine
for planting on a previously farmed bottomland site, and to
evaluate the effects of cultural treatments on their estab-
lishment and growth. The planted plots in this study also
were compared to a naturally regenerated area on the
same s i te .

METHODS
The study took place on the Ames Plantation in Fayette
County, Tennessee, 50 miles east of Memphis (35” 07’ N
and 89” 19’ W). The site was a former soybean field on a
floodplain of the North Fork of the Wolf River. According to
the  USDA Natu ra l  Resources  Conserva t ion  Serv i ce  coun ty
soil map, soils are of the Waverly (Coarse-silty, mixed, acid,
thermic Typic Fluvaquents) and Falaya series (Coarse-silty,
mixed, active, acid, thermic Aeric  Fluvaquents) (Flowers
1964). The Falaya series consists of somewhat poorly
drained silty and sandy alluvium, and the Waverly series is
a poorly drained silty alluvial soil. The study site had been
in cultivation for more than 20 years prior to the establish-
ment of hardwoods in 1981. Mean annual precipitation is
53 inches  (F lowers  1964) .

In  spr ing  o f  1981,  1-O seed l ings  were  hand-p lanted among
the previous year’s soybean stubble at a lo-  x lo-foot
spacing. The study initially included 1,200 each of
cher rybark  oak ,  lob lo l l y  p ine ,  and ye l low-pop lar  seed l ings .
However, the yellow-poplar suffered very high mortality and
was excluded from the study after the first 2 years.

The  exper iment  was  a  randomized ,  comple te -b lock  des ign
with a strip-plot treatment arrangement and four replica-
tions. Main plot treatments were arranged in a 2 x 3

‘Graduate Research Assistant, Associate Professor,Department  of Plant and Soil SciencesThe  University of Tennessee Department of Plant
and Soil Sciences,The  University of Tennessee,P.O.  Box 1071 ,Knoxville,  TN 37901-107; Professor EmeritusDepartment  of Forestry, Wildlife,
and Fisheries,The University of Tennessee; *Research Associate Professor,Ames  PlantationP.0.  Box 389, Grand Junction, TN 38039;
Professor,West  Tennessee Experiment Station605 Airways Boulevard,Jackson,  TN 38301, respectively.

Citation for proceedings: Outcalt,  Kenneth W., ed. 2002. Proceedings of the eleventh biennial southern silvicultural research conference
Gen. Tech. Rep. SRS-48. Asheville, NC: U.S. Department of Agriculture, Forest Service, Southern Research Station. 622 p.

4 1 5



factorial composed of fertilized and unfertilized plots of the
3 species. The fertilization treatment was 150 pounds per
acre nitrogen (ammonium nitrate) and 35 pounds per acre
phosphorus  ( t r ip le  super  phosphate)  app l ied  a t  the
beginning of the third growing season. Three treatments
were tested on the sub-plot level: disking, mowing, and no
weed control. One-way disking and mowing were repeated
as needed (three to five times annually) until the end of the
fifth growing season to control competing vegetation. The
plantings were never thinned. A 1.2-acre  section of the
same soybean field was left to regenerate naturally.

In January 1998, 17 years after planting, total height of each
surviving tree was measured with a Haga  altimeter.
D iame te r  a t  b reas t  he igh t  (DBH)  was  measu red  w i t h  a
caliper. In the naturally regenerated area, 10 circular, O.Ol-
acre plots were randomly placed. Height, DBH, and
spec ies  were  recorded  fo r  each  s tem on  these  p lo ts
greater than 4.5 feet in height. Equations developed by
Matney and o thers  (1985)  and Ba ldwin  and Feducc ia
(1987) were used to estimate total bole volumes of
individual trees outside bark. Stand volume estimates
(feet3  per acre) were calculated based on estimated tree
volumes, survival rates, and planting density. Survival and
growth data were analyzed by Analysis of Variance (ANOVA)
using Proc  Mixed in SAS (SAS Institute Inc 1997). Survival
data  were  t rans formed w i th  the  a rcs ine-square  roo t
transformation to meet the normality and homoscedasticity
requ i rements  o f  ANOVA. Post -ANOVA mean separa t ions
were made with single degree of freedom contrasts (alpha
= 0.05).

RESULTS AND DISCUSSION
Survival for cherrybark oak averaged 89 percent after 1 year,
77 percent after 2 years, and 64 percent after 17 years.
Loblolly pine survival averaged 80 percent, 74 percent, and
63 percent after 1, 2, and 17 years, respectively. Fertiliza-
tion and weed control treatments did not significantly affect
survival at any age for either species (table 1).

Seventeen-year  he igh t ,  DBH,  basa l  a rea ,  and  s tand  vo lume
for both species were not significantly affected by fertiliza-
tion or weed control treatment, nor were there any signifi-
cant treatment interactions. Although there were numerical
d i f f e rences  among  some o f  the  t rea tmen t  means ,  the
variability of cherrybark oak height and diameter among
b locks  ( rep l i ca t ions )  p reven ted  any  s ta t i s t i ca l l y  s ign i f i can t
differences. Loblolly pine had consistent height and
diamete r  among bo th  b locks  and  t rea tments ,  bu t  su rv i va l
ra tes  va r ied  w ide ly  among b locks .

Cherrybark oak had a mean height of 34.0 feet and a mean
DBH of 4.1 inches after 17 years (tables 2 and 3). Because
cherrybark oak it best suited to well drained soils (Krinard
1990),  the poor drainage on parts of the study site may
have hindered growth and root development. It is likely that
soils in this study were more variable than indicated by the
county soil map (Flowers 1964). A neighboring bottomland
study in which soils were evaluated showed wide varia-
tions in soil properties including drainage over distances of
less than 100 feet (Devine and others 2000). Even minor
variations in soils can have major impacts on the success
o f  p lan ted  hardwoods  (Korman ik  and  o thers  1999) .  Due to
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Table l-Survival after 1,2, and 17 years for planted
cherrybark oak and loblolly pine under six different
treatment combinations”

.-.
Species/
F e r t i l i z a t i o n /
Weed Control A g e  1 Age 2 Age 17

-
P e r c e n t

Cherrybark  oak

U n f e r t i l i z e d /
N o n e 8 8 7 3 6 2

U n f e r t i l i z e d /
N o n e 8 8 7 8 7 2

U n f e r t i l i z e d /
M o w e d 8 8 7 0 6 6

F e r t i l i z e d /
N o n e 9 1 8 1 6 6

F e r t i l i z e d /
Disked 9 4 8 0 6 0

F e r t i l i z e d /
M o w e d 8 9 7 9 5 7

L o b o l l y  P i n e

U n f e r t i l i z e d /
N o n e 7 3 6 8 4 5

U n f e r t i l i z e d /
N o n e 8 6 7 4 7 2

U n f e r t i l i z e d /
M o w e d 8 0 8 0 6 6

F e r t i l i z e d /
N o n e 7 9 7 3 5 4

F e r t i l i z e d /
Disked 8 1 7 7 6 6

Feriilizedl
M o w e d 8 3 7 6 7 6

a There were no significant differences among treatment
combinations for either species at alpha=0.05.

the slow growth rate of the cherrybark oak, the 17-year-old
plantation still had not formed a canopy sufficient to shade
out competition. Several areas were heavily infested with
Japanese  honeysuck le  (Lon icera japonica Thunberg)  and
o the r  he rbaceous  and  woody  weed  spec ies .  The re  was  a
visible reduction in woody competition on plots which had
been disked  or mowed, but this did not translate into a
significant increase in growth for the plantation trees.

Cherrybark oak averaged 32.8 feet2  per acre basal acre
after 17 years of growth (table 4). The potential merchant-
ability of this stand will depend on whether growth rates
increase in the near future. On some of the plots, enough
woody  compet i t i on  had  a l ready  become es tab l i shed  to
make the planted trees a relatively minor component of the
s tand.  C la t te rbuck  and Hodges  (1988)  no ted  tha t
cherrybark oak reached its maximum growth rate later than
sweetgum  and eventually exceeded it in height. It is
possible that this could occur in the present study because
sweetgum  is the predominant co-occurring species.



Table P-Height after 17 years for planted cherrybark
oak and loblolly pine under six treatment

Table 4-Stand  basal area after 17 years for planted

combinationsa
cherrybark oak and loblolly pine under six treatment
combinations”

Fer t i l i za t ion /
Weed con t ro l Cherrybark  Oak Loblo l ly  P ine

-----Feet  _____

Unfe r t i l i zed /None 3 0 . 4 5 3 . 7
Unfertilized/Disked 3 7 . 1 5 6 . 1
Unfe r t i l i zed /Mowed 3 3 . 3 5 6 . 5

Fer t i l i zed /None 3 2 . 8 5 2 . 3
Fertilized/Disked 3 4 . 6 5 6 . 0
Fer t i l i zed /Mowed 3 5 . 8 5 4 . 3

a There were no significant differences among treatment
combinations for either species at alpha=0.05.

By year 17, loblolly pine had reached a mean DBH of 10.2
inches and a mean total height of 55.0 feet. Diameter and
he igh t  g rowth  was  qu i te  cons is ten t  among  a l l  t rea tmen ts ,
and the plots had long since formed a closed canopy. At
age 17 there was virtually no weed competition present in
the pine plantings. Basal area averaged 160.9 ft* per acre
for all treatments. Variations in basal area and stand
volume of loblolly pine in tables 4 and 5 are a reflection of
variation in survival among treatments and not of variation
in growth. However, because survival rates varied widely
among rep l i ca t ions ,  there  were  no  s ta t i s t i ca l l y  s ign i f i can t
differences in basal area or stand volume due to treat-
ments. Hopper and others (1993) found that weed control,
but not fertilization, increased growth and survival at age 4
of loblolly pine, sweetgum, and green ash (fraxinus
pennsylvanica  Marsh.) planted on a West Tennessee
bottomland site. Hunt and Cleveland (1978) also found that
disking, but not fertilization at planting, increased height
growth of loblolly pine through age 5. If differences in
growth of loblolly pine due to weed control or fertilization
were present early in the current study, they have since
disappeared.

Table 3-DBH after 17 years for planted cherrybark oak
and loblolly pine under six treatment combinations”

Fer t i l i za t ion /
Weed con t ro l

Cher rybark Loblo l ly
oak Pine
- - - - - - Inches  _ _ _ _ _ _

Un fe r t i l i zed /None 3 . 5 1 0 . 0
Unfertilized/Disked 4 . 7 10.1
Unfe r t i l i zed /Mowed 4 . 3 1 0 . 3

Fer t i l i zed /None 3 . 7 1 0 . 3
Fertilized/Disked 4 . 4 1 0 . 3
Fer t i l i zed /Mowed 4 . 2 0 9 . 9
B There were no significant differences among treatment
combinations for either species at alpha=0.05.

Fertilization/
Weed con t ro l Cher rybark  Oak Loblo l ly  P ine

____ Feet’  per acre - - - -

Un fe r t i l i zed /None 2 5 . 0 1 1 0 . 2
Unfertilized/Disked 4 2 . 8 1 7 9 . 7
Unfe r t i l i zed /Mowed 4 1 . 7 1 7 1 . 2

Fer t i l i zed /None 2 3 . 1 1 4 2 . 3
FertilizedlDisked 3 2 . 5 1 7 0 . 7
Fer t i l i zed /Mowed 3 1 . 4 1 8 3 . 2

8  There were no significant differences among treatment
combinations for either species at alpha=0.05.

On disked  plots of both species, 6- to 12-inch deep
depress ions  were  p resen t  be tween  the  t ree  rows .  These
depress ions  were  accompan ied  by  smal l  r idges  in  l ine
with the rows. Both features were likely caused by compac-
tion and heaving of soil that resulted from disking. During
wet periods, water ponded  in the majority of these depres-
s ions ,  mos t  no tab ly  those  in  poor l y -d ra ined  a reas .  These
depressions were still present 12 years after the plots had
last been disked.

Natura l  regenera t ion  resu l ted  in  dense s tands (4 ,340
trees/acre) of sweetgum  (74 percent of stems), boxelder
(Acer negundo  L.) (12 percent), red maple (Acer rubrum  L.)
(11 percent), and other hardwoods. Over 99 percent of the
stems in this stand were less than 5 inches in DBH, and
46 percent of the stems were less than 1 inch in DBH.
Species composition of this stand was heavily influenced
by the adjacent, mature forest stands. The naturally-
regenerated stand clearly had low potential for merchant-
ability at age 17.

Table 5-Stand volume (total bole) after 17 years for
planted cherrybark oak and loblolly pine under six
treatment combinationsa

Fertilization/
Weed con t ro l Cherrybark  Oak Loblo l ly  P ine

- - - - -Feet3  per acre- - - - -

Un fe r t i l i zed /None 4 6 9 2,953
Unfertilized/Disked 8 9 5 4,965
Unfe r t i l i zed /Mowed 7 4 4 4.788

Fer t i l i zed /None 5 5 3 3,455
Fertilized/Disked 6 2 9 4,726
Fer t i l i zed /Mowed 6 3 0 5.008

a  There were no significant differences among treatment
combinations for either species at alpha=0.05.
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CONCLUSIONS
Loblolly  pine planted on a bottomland soybean field with no
s i te  p repara t ion  es tab l i shed  a  we l l -s tocked  s tand  by  age
17 .  Cher rybark  oak  p lo ts  showed incons is ten t  g rowth ,
perhaps due to variations in soils. A single application of N
and P fertilizers at year 3 did not increase growth of
cherrybark oak or loblolly pine, nor did mowing or disking
for weed control. Since disking resulted in depressions
between tree rows still present 12 years after the site was
last disked,  its usefulness as a method of weed control on
f lood-prone or  poor ly -dra ined s i tes  is  quest ionab le .  The
depress ions  inc rease  the  amount  o f  t ime tha t  wate r  ponds
on the soil which can be detrimental to the growth and
survival of planted tree species not adapted to periods of
ex tended f lood ing .  Compos i t ion  o f  na tura l  regenera t ion  on
the former  soybean f ie ld  depended on ne ighbor ing s tands
and did not produce merchantable trees after 17 years.
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